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Description 

Technical Field 

[0001] This Invention relates to novel 1 ,4-d)-substttuted piperidine derivatives, processes for preparing them, and 
their use in medicine, especially in the treatment or prophylaxis of various diseases of the respiratory, urinary and 
digestive systems. 

Background Art 

[0002] Compounds having antagonistic activity against muscarinic receptors are loiown to cause bronchodilation, 
gastrointestinal hypanakinesis, gastric hyposecretion, thirst, mydriasis, suppression of bladder contraction, hypohld- 
rosis, tachycardia and the like ("Basic and Clinical Phamrtacology", 4th ed., APPLETON & l_ANGE, pp. 83-92 (1989); 
Drug News & Perspective, 5(6), pp. 345-362 (1992)]. 

[0003] There are three subtypes of muscarinic receptors. That Is, the M-, receptors are present mainly In the brain, 
the M2 receptors in the heart and the like, and the IN/lg receptors on smooth muscles and glandular tissues. Up to this 
time, a large number of compounds have been known to exhibit antagonism against muscarinic receptors. However, 
the existing compounds non-selectively antagonize the three subtypes of muscarinic receptors. Consequently, when 
it is tried to use these compounds as therapeutic or prophylactic agents for diseases of the respiratory system, they 
have the disadvantage of causing side effects such as thirst, nausea and mydriasis, partteularly serious side effects 
associated with the heart, such as tachycardia mediated by the M2 receptors. Accordingly, it would be highly desirable 
to overcome this disadvantage. 

Disclosure of the Invention 

[0004] According to the present invention, there are provided novel 1 ,4-di-substituted piperidine derivatives of the 
general formula [1] 



and the pharmaceuticalty acceptable salts thereof, wherein: 

Ar represents a phenyl group or a heteroaromatic group such as 2-pyrrolyI, 3-pyrrolyl, 2-furyl, 3-furyl, 2-lhlenyl, 
3-thieny!, 3-pyrazoiyl, 4-pyrazolyi, 3-isoxazolyl, 5-isoxa2olyl, 2-imidazolyi, 4-imidazolyl, 2-oxazolyl, 4-oxazolyi, 
5-oxazoiy1, 2-thia20lyi, 4'-thiazolyl, 5-lhiazoiyl, 2-pyridyi, 4-pyridyl, 2-pyrimidinyl or 4-pyrimidinyl, In whteh one or 
two optional hydrogen atoms on the ring may be replaced by sul^stituent groups selected from the group consisting 
of a fluorine atom and a methyl group; 

represents a cycloalkyi group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 carbon atoms; 

represents a linear or branched C5-C15 alkyl, Cg-C^^ alkenyi or C5-C15 alkynyi group, a C^-C^^ cycioalkyialkyi 
or C5-C^5 cycloaikylalkenyl group in which an optional hydrogen atom(s) on the cycloalkyi ring may be replaced 
by a C^-Cg alkyl group(s), a C5-C15 bicycloalkylalkyi or C5-C15 bicycoalkylalkenyl group in whbh an optional hy- 
drogen atom(s) on the bicycloalkyi ring may be replaced by a C^-Cg alkyl group(s), a Cj-C^g cydoalkenylalkyi or 
Cg-C-js cycioalkenylaikenyi group in which an cpuonaJ hydrogen atom(s) on the cycloalkenyl ring may be repleced 
by a C^-Cg alkyl group(s), a Cg-C^^ bk:ycioaikenylalkyl or C^-C^g btoyloalkenylalkenyl group i n which an optional 
hydrogen etom(s) on the btoycioalkenyl ring may be replaced by a C|-Ce alkyl gnoup(s), or a 05-0^5 cycloaikyla- 
Ikynyl or Cg-C^ 5 cycloalkenyl alkynyi group; and 
X represents NH. 

[0005] The compounds of the above general formula [I] which are provided by the present Invention have high and 
selective antagonistk; activity against the muscarine iVIg receptors and can hence be used safely with a minimum of 
side effects. Accordingly, they are very useful in the treatment or prophylaxis of diseases of tlie respiratory system, 
such as asthma, chronic airway obstruction and fibroid lung; diseases of the urinary system accompanied by urination 
disorders such as pollakiuria, urinary urgency and urinary incontinence; and diseases of the digestive system, such 
as Irritable colon and spasm or hyperanaktnesls of the digestive tract. 




(I] 
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Best Mode for Carrying Out the Invention 



[0006] The present Invention Is more specifically described herelnbelow. 

[0007] As used herein, the term "halogen atonn" comprehends fluorine, chlorine, bromine and iodine atoms. 
[0008] The term "lower alkyi group" means linear or branched alkyl groups having 1 to 6 carbon atoms, and com- 
prehends, for example, methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl and Isohexyl. 
[0009] The term "five- or six-membered heteroaromatic group" comprehends, for example, 2-pyrrolyl 3-pyrrolyl 
2.furyl, 3-furyl, 2.thienyl, S-thienyl. S-pyrazofyl, 4.pyrazolyl, S-isoxazolyl, 5-isoxa2olyl. 3-lsothla2olyl, 44othlazolyl' 
S-isothiazolyl, 2-imldazolyl, 4-imidazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl 2-pyrl- 
dyl. 3-pyridyl, 4.pyrldyl, S-pyridazlnyl. 4-pyf1da2lnyl, 2-pyrlmldlnyl, 4-pyrlmldlnyl and 2-pyra2lnyl. 
[001 0] The term "cycloalkyi group of 3 to 6 carbon atoms" comprehends, for example, cyclopropyl cyclobutvl cv- 
clopentyl and cyclohexyl. ^ r k/, jr /, y 

[0011 J The term "cycloalkenyl group of 3 to 6 carbon atoms" comprehends, for example, cyclopropenyl, cyclobutenyl 
cyclopentenyl and cyclohexenyl. ' ' 

[001 2] The term "saturated or unsaturated aliphatic hydrocarbon radical of 5 to 1 5 carbon atoms" means linear or 
branched aliphatic hydrocarbon radicals having 5 to 15 carbon atoms, and comprehends, for example alkyl alkenyl 
and alkynyl groups, cycloalkylalkyi and cycloalkylalkenyl groups In which an optional hydrogen atom(s) on the cycloalkyi 
nng may be replaced by a lower alkyl group(s), bicycloalkylalkyi and bicycoalkylalkenyl groups in whrch an optional 
hydrogen atom(s) on the bicydoalkyi ring may be replaced by a lower alkyl group(s), cycloalkenylalkyi and cyloalke- 
nylalkenyl groups in which an optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a lower alkyl 
group(s), bicycloalkenylalkyl and bfcycloalkenylalkenyl groups in which an optional hydrogen atom(s) on the bicy- 
cloalkenyl ring may be replaced by a lower alkyl group(s), and cycloalkylalkynyl and cycloalkenylalkynyl groups. 
[0013] Specific examples of such aliphatic hydrocarbon radicals include: 

alkyl groups such as 1-methylbutyl, 2-methylbutyl, S-methylbutyl, pentyl, neopentyl, tert-pentyl, 1 -methylpentyl 

2- methylpentyl, 3-methylpentyl, 4-methylpentyl, hexyl, isohexyl, 1 -methylhexyl, 2-melhylhexyl, 3-methylhexyl' 
4.methylhexyl. 5-methylhexyl, 2,4.dlmethylpentyl. 2-ethylhexyl, 4,5.dlmethylhexyl, 4,4.dlmethylpentyl, heptyl.' 
4-methylheptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl and pentadecyl; 

alkenyl groups such as 3-methy|.2-butenyl. 2-pentenyl, 3.pentenyl, 4-pentenyl. 3-methy|.2-pentenyl, 3-methy|. 

3- pentenyl, 4-methyl-2-pentenyl, 4-methyl-3-pentenyl, 4-methyl-4i)entenyl, 2-hexenyl. 3-hexenyl, Vhexenyl, 

4- methyl-2-hexenyl, 4>methyl-3-hexenyl, 4-methyl-4-hexenyl, 5-methyl-2-hexenyl, 5-methyl-3-hexenyl, 6-methyl- 
4-hexenyl, 5.methyl-2-heptenyl. B-methyl-S-heptenyl, 5-methyI-4-heptenyl, B-methyl-B-hepienyl, 3 5-dlmethy|. 
2-pentenyl, 3,5-dlmethyl-3-pentenyl, 4,5-dimethyl-2.hexenyl, 4,5-dimethyI-3.hexenyl, 4,5-dlmethyl-4-hexenyl, oc- 
tenyl, nonenyl, decenyl, undecenyl, dodecenyl, trldecenyl, tetradecenyl and pentadecenyl ; 

alkynyl groups such as 2-pentynyl, 3-pentynyl, 4-pentynyl, 4-methyl-2-pentynyl, 4-methyl-3-pentynyl, 4-methyl- 
4-pentynyl, 2.hexynyl . S-hexynyl. 4.h6xynyl. 4-methy|.2-hexynyl, A-methyl-S-hexynyl, 4-methyl-4-hexynyl, octy- 
nyl, nonynyl, decynyl. undecynyl, dodecynyl, tridecynyl, tetradecynyl and pentadecynyl; 
cycloalkylalkyi groups in which an optional hydrogen atom(s) on the cycloalkyi ring may be replaced by a lower 
alkyl grDup{s), such as cyclopropyl ethyl, cyclopropylpropyl, cyclopropylbutyl, cyclopropylpentyl. cyclop ropy Ihexy I. 
cyclopropylheptyl, cyclobutylmethyl, cyclobutylethyl, cyclobutylpropyl, cyclobutylbutyl, cyclobutylpentyl, cy- 
clopentylmethyl, cyclopentylethyl, cyclopentylpropyl, cyclopentylbutyl, cyclohexylmethyl, cyclohexylethyl cy- 
clohexylpropyl,cyclohexylbutyl, cycloheptylmethyi, cycloheptylethyl, cycloheptylpropyl, cydoheptylbutyl, cyclooc- 
tylmethyl, cyclooctylethyl, cyclooctylpropyl, cyclooclylbutyl, 1 -methy Icyclopentylmethyl, 2-melhyIcyclopentyIme- 
thyl, 3-m6thylcyclopentylmethyl, 1 -ethyfcyclopentylmethyl, 2-6thyteyclopentyIm ethyl, 3-ethylcyclopentylmethyl 
2-cyclopentylethyl, 2-(1 -methylcyclopemyl)ethyl, 2-(2-methylcyclopentyl)ethyl, 2-(3-inethylcyclopentyl)ethyl' 

2-f1-9thvlnvclnnAnh/l\<»thvi o./o.ath^ff^wM<NrsAn«>«iv_<st^K«.i o ^+u..i . . ^ : . 

^ J-, — - \- — <^-vo-oiiiyik,yuiwfj«Miyi/Hinyi, 1 -meinyicycionexyimeinyi, 

2-methylcyclohexylmethyl, 3-methylcyclohexylmethyl, 4-methylcyclohexylmethyl, 1 -ethylcyclohexylmethyl, 
2-6thyteycloh6xylmethyl, 3-ethylcyclohexylm ethyl. 4-ethylcyclohexylmethyl, cyclohexylethyl, 2-(1 -methylcy ' 
clohexyl)ethyl, 2-(2-methylcyclohexyl)ethyl. 2-(3-methylcyclohexyl)ethyl. 2-(4-methylcyclohexyl)6thyl 2.(1 -ethyU 
cyclohexyl)ethyl, 2-(2-ethylcycIohexyl)ethyl, 2.{3-ethyIcycIohexyl)ethyl, 2-(4-ethylcyclohexyl)ethyl, 1 -methylcy- 
cloheptylmethyl, 2.methylcycloh6ptylmethyl, 3-methylcycloheptylm6thyl, 4-methyIcycloheptylm6thyl, 1-ethylcy- 
cloheptylmethyl, 2-ethyteyclopentylmethyl, 3-ethylcyclohepty I methyl, 4-ethylcycloheptylmethyl, 2-ci^cloheptyle- 
thyl, 2.(1.melhylcycloheptyI)ethyl , 2-(2-methyIcycloheptyl)ethyl , 2.(3.methylcycIoheptyl) ethyl. 2-(4-methylcy- 
cloheptyl)-elhyl. 2-(1 -ethylcycloheptyl)ethyl, 2-(2-ethylcycloheptyl)ethyl, 2-(3-ethylcycloheptyl)e thyl, 2-(4-ethyIcy- 
cloheptyl)ethyl, 1 -methyteyclooctylmethyl, 2-methylcydooctylmethyl, 3-methyteyclooctylmethyl, 4-methylcyclooc- 
lylmethyl. 5^^lethyIcycIooclylmethyl, 1 -ethylcydooctylmethyl, 2.ethyteyclooctylmethyl, 3^thylcyclooctyImethyl, 
4-ethylcyclooctylmethyl, 5-ethylcyclooctylmethyl, 2-(1 -methylcyclooctyl)ethyl, 2-(2-methyteydooctyl)ethyl' 
2-(3.methylcyclooctyl).ethyl. 2-(4.methylcyclooctyI)ethyl, 2-(5-m6thylcyclooctyl)ethyl, 2-(1 -ethytoyclooctyljethyli 
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2-(2-ethyIcyclooctyl)ethyl, 2-(3-elhyIcyclooctyl)ethyl, 2-(4-methylcyclooctyI)ethyl and 2-(5-«thylcydooctyl)-ethyl; 
cycloalkylidenealkyl groups such as cyclopropylideneethyl, cyclopropylidenepropyl. cycbpropylidenebutyl, cyclo- 
propylidenepentyl, cyclobutylldeneethyl, cyclobutylidenepropyl, cyclobutylidenebutyl, cyclobutylidanepentyl, cy- 
clopentylldeneelhyl, cyclopentylidenepropyl, cyclopentylldenebutyl, cyclopentylidenepentyl, cyclohexylideneethyl, 
cyclohexylidenepropyl, cyclohexylidenebutyl, cyclohexylldenepentyl, cycloheptylidenethyl, cycloheptylldGnspro- 
pyl, cycloheplylidenebutyl. cycioheptylidenepentyl, cyclooctylidenethyl, cyclooctylidenepropyl, cyclooctylideneb- 
uty( and cydooctylidenepentyl; 

cycloalkylaJkenyl groups such as cyclopropylpropsnyl, cyclopropylbutenyl. cyclopropylpantenyl, cydopropylhexe- 
nyl, cyclopropylheptenyl, cyclobutylpropenyl, cyclobutylbutenyl, cyclobutylpentenyl, cyclopentylpropenyl, cy- 
clopentylbutenyl, cyclopentylpentenyl, cyclohexylpropenyl, cyclohexylbutenyl, cyclohexylpenienyl, cycloheptylpro- 
penyl and cyclooctytpropenyi; bicycloalkylaikyi groups in which an optional hydrogen atom(s) on the bicycioaikyl 
ring may be replaced by a lower alkyi group(s), such as bicyclo[4.1.0]hept-1-yImeThyl, bicyclo[4.1.0]hept-2-yIm&- 
thyl, blcyclo[4.1.0]hepl-3-ylmethyI, b!cycloI4.1 .0]h6pt-7-ylmethyl, blcyclo[3.3.0]oct-1-ylmethyl. bicyclo[3.3.0]oct- 

2- yImethyl, bicyc!o[3.3.0]oct-3-y!nnethyl, bicycIo[4.1.0]hepM-y!ethyl, bicyclol4.1 .0]hepl-2-ylethyl, b:cyclo[4.1.0] 
hepT-3-yi6thyl, bicycIo[4.1.0]hept-7-ylelhyI, bicyc!o[3.3.0]ocM-ylethyI, blcyclo[3.3.0]oct-2-ylethyI, bicyclo[3.3.0] 
oct-3-ylethyl, bicycloI3.2.1]ocl-1-ylmethyl, bicyclo[3.2.1loct-2-ylmethyl, blcycloI3.2.1]oct-3-yImethyl, bicyclo[3.2.1] 
oct-8-ylmethy!. bicyclo[4.4.01dec-1-ytmethyl, bicyclo[4.4.0]dDC-2-ylnnelhyI, btcyclo[4.4.0]dec-3-ylmethyl, bicydo 
[4.3.0]non-1-y!methyl, bicyclo[4.3.0]non-2-ylmethyl, btcyclo[4.3,0lnon-3-ylmethyl, bicycIo[4.3.0]non-7-yIrnethyl, bi- 
cyclo[3.3.1]non-1 -yimethyl, bicycIoI3.3.1]non-2-ylmethyl, bicyclo[3.3.1 ]non-3-ylmethyl, bicyc!o[3.3.1]non-9-ylme- 
thyl, bicyclo[3.1.0]hex-1 -yimethyl, b[cyclo[3.1 .0]hGX-2-ylmethyl. blcydo[3.1.01hex-3-yImethyl and blcyclo[3.1.0] 
hex-5-yInnethyl; 

bicydoalkylalkenyl groups In which an optional hydrogen atom(s) on the bicycioaikyl ring may be replaced by a 
lower alkyI group(s), such as bicyclo[4.1.0]hept-1-ylethenyl, bicycIo[4.1.0]hept-2-ylelhenyl, btcyclo[4.1.0]hept- 

3- yleth6nyl and bicyclo[4.1.0]hept-7-ylethenyl; 

cycloalkylalkynyl groups such as cyclopropyipropynyl, cyclop ropy Ibutynyl, cyclopropyl pentynyl, cyclop ropylhexy- 
nyl, cyciopropylheptynyl, cyclobutyipropynyl, cyciobutylbutynyl, cyclobutylpentynyl, cyclopentylpropynyl, cy- 
clopentylbutynyl, cyclopentytpentynyl, cyclohexylpropynyl, cyclohexylbutynyl and cyclohexylpentynyl; 
cycioalkenylalkyl groups in whfch an optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a 
lower alkyI group(s), such as cyclopropenylethyl, cyclopropenylpropyl, cyclopropenylbutyl, cyclopropenylpentyl, 
cyclopropenylhexyl, cyclopropenylheptyl, cyclobulenylmethyl, cyclobutenylethyl, cyclobutenylpropyl, cyclopenle- 
nylmethyl, cyclohexenylmelhyl, cyclohexenylethyl, cyctopentenylmethyl, cycloheptenylethyl, cyclooctenylm ethyl, 
cyciooctenylethyl, (1 -methyl-l-cyctopsntenyQmethyl, (1-methyl-2-cyclopentenyl)methyl, (1 -mathyt-S-cyclopentG- 
nyl)methyl, (2-methyl-1 -cyclopentenyI)methyl, (2-methyl-2-cyclopentenyl)methyl, (2-methyl-3-cyclopenlenyl)me- 
thyl, 

(2-methyl-4-cyc!opentenyl)methyl, (2-methyl-5-cyclopentenyl)methyl, (S-methyM -cyclopentenyl)methyl, (3-me- 
lhyl-2-cyclopentenyl)methyl, (3-melhyl-3-cyclopentenyt)methyl, (3-melhyl-4-cyclopentenyl)mathyl, (3-methyl- 
5-cyclopenteny!)methyl, (1 -methyl- 1 -cyclohGxenyl)m6thyl, (1 -melhyl-2-cyclohex6nyl) methyl, (1 -methyl-3-cy- 
clohexenyl)methyl, (2-methyl-1 •cyclohexenyl)methyl, (2-methyl-2-cyc!ohexenyl)methyl, (2-methyl-3-cyc!ohexe- 
nyl)methyl, (2-m6thyl-4-cyclohexGnyl)methyl, {2-methyl-5-cyclohexGnyl)methyl, (2-methyI-6-cyclohexenyl)methyl, 
(3-methyl-1 -cyc!ohexenyl)methyl, (3-methyl-2-cyc!ohexenyI)methyl, (3-methyl-3-cyclohexenyl)methyI, (3-methyl- 

4- cyclohexenyl)methyl, (3-methyl-5-cydohexenyl)methyl, (3-methyl-6-cyclohexenyl)-methyl, (4-methyl-1 -cy- 
cIohexenyl)methyl, (4-methyl-2-cyclohexenyl)methyl, (4-methyl-3-cyclohexenyl)methyl, (1 -methyl-1-cyclohepte- 
nyl)methyl, (1-methyl-2-cyc!oheptenyl)methyl, (1 -methyl-3-cycloheptenyl)methyl, (1-methyl-4-cycloheptenyl)me- 
thyl, (2-methyl-1-cycloheptenyl)methyl, (2-n\&thyl-2-cyc(oheptenyl)methyl, (2-methyl-3-cycIoheptenyl]methyl, 
(2-methyl-4-cycloheptenyl)methyl, (2-methyl-5-cycloheptenyl)methyl, (2-methyl-6-cycloheptenyl)methyl, (2-me- 
thyl-7-cyc)oheptenyl)mothyl, (3-methyl-1 -cycIoheptBnyl)m6thyI, (3-methyl-2-cyc!oheptQnyl)m ethyl, (3-methyl- 
3-cyc!ohepteny!)methyl, (3-methyl-4-cycloheptenyl)methyl, (3-methyl-5-cycloheptenyi)methyl, (3-methyI-6-cy- 
cloheplenyI)mBthyl, (3-m6thyl-7 -cycle hepteny I) methyl, (4-melhyl -1 -cycloheptenyljmethyl, (4-methyl-2-cyclohep- 
tenyl)methyl, (4-methyl-3-cycloheptGnyt)methyl, (4-methyl-4-cycloheptenyl}methyl, (4-methyi-S-cycloheptenyl) 
methyl, (4-methyl-6-cycloheptenyl)methyl, (4-methyl-7-cycloheptenyl)methyl, (1 -methyl- 1 -cyclooctenyl)m ethyl, 
(1-methyl-2-cyclooctenyl)m ethyl, (1-methyl-3-cycIooctenyl)methyl, (1 -met hy 1-4 -cyclooctenyl)m ethyl, (2-melhyl- 
1 -cyc[ooctenyl)methyl, (2-methyl-2-cycIooctenyl)methyl, (2-methyl-3-cycloocleny!)methyl, (2-methyl-4-cycloocte- 
nyl)methyl, (2 -methyl -5-cycloocteny I) methyl, (2-methyl-6-cycl ooctenyl)methyl, (2-methyl-7-cyclooctenyl)methyl, 
(2-methyl-8-cyclooctenyl)methyl, {3-methyM -cyclooclenyljmethyl. (3-methyl-2-cyclooctenyl)methyl, (3-methyl- 
3-cycIooctenyl)methyI, (3-methyI-4-cyc!ooctenyl)methyl, (3-methyl-5-cyc!ooctenyl)methyl, (3-fnethyl-6-cycloocte- 
nyl)melhyl, (3-methyI-7-cyd ooctenyl)melhyl, (3-methyl-8-cycIooctenyl)methyl, (4-m6thyl-1 -cyclooctenyl)m ethyl, 
(4-methyl-2-cyclooctenyI)methyl, (4-methyl-3-cyc!ooctenyl)methyl, (4-methyl-4-cyclooctenyl)methyl, (4-methyl- 

5- cyc!ooctenyl)methyl, (4-methyl-6-cyc!ooctenyl)methyl, (4-methyl-7-cyclooctenyl)methyl, (4-methyl-8-cycloocte- 



EP0823 423B1 



ny!)m9thyl, (5-m&thyl-1-cyclooctanyl)mothyl, (5-m©thyl-2-cyclooctenyl)mGthyl, (5-m&thyl-3.cycl ooct9nyl)methyl 
and (5-methyl-4-cycloocteny!)methyl; 

bicycloalkGnylalkyI groups in which an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by 
a lower alkyi group(s), such as blcycle[4.1 .0]hept-2-en-1-yimethyl, bicyclo[4.1.0]hept-3-en-1-ylmelhyl, bicycio 
[4.1 .OjhepM-en-l -yimethyl, bteyclo[4.1 .0]hept-3-en-2.ylmethyl, blcyclo[4.1 .0]hept-4.en-2-ylmethyl, blcyclo[4.1 .0] 
hept-2-en-3-ylmethyl, bicyclo[4.1 .0]hept-3-en-3-ylmethyl, bteyclo[4.1 .0]hept-4-en-3-ylmethyl, bicyclo[4.1 .0]hept- 

2- en-7-ylmethyl, btcyclo[3.3.0]oct-2-en-2-ylmethyl, blcyclo[3.3.0]oct-2-en-2-ylmethyl, blcyclo[4.1 .0]hept-2-en> 
1-ylelhyI. blcyclo[4.1.0]hept-2-en-2-ylethyl, blcyclo[4.1.0]hept-2-en-3-ylethyl. blcycIo[4.1.0]hept.2-6n-4-ylethyl, bi- 
cyc!o[4. 1 .0]hept-2-en-7-ylethyl, blcyclo[3.3.0]oct-2-en-1 -yielhyl. blcycIo[3.3.0]oct-2-en-2-ylethyl and blcyclo[3 3 01 
oct-2-Gn-3-ylGthyl ; 

blcycloalkenylalkenyl groups in which an optional hydrogen alonn(8) on the bicycloalkenyl ring may be replaced 
by a lower alkyI group(s), such as bl cydo[4.1 .0] h6pt-2-en-1 -yiethenyl, blcyclo[4.1 .0]h6pt-3-Gn-1 -yiethenyl, blcydo 
[4.1 .0]hept-4-en.1 -yiethenyl, bicyclo[4.1.0]hGpT^-en-2-ylethGnyl, blcyclo[4.1.0]hGpt-4-en-2-ylethenyl, blcydo 
[4.1 .0]hept-2-en-3-ylethenyl, bicyclo[4.1 .0]hept-3-en-3-ylethenyl, bicyclo[4.1 .0]hept-4-en-3-ylethenyli blcydo 
[4.1.0]hept-2-en-7-ylethenyl, blcyclo[3.3.0]oct-2-en-2-ylGthenyl and blcyclo[3.3.0]oct-2-Gn-3-ylethenyl ; 
cycioalkenylalkenyl groups such as cyclopropenylpropenyl, cyclopropenylbutenyl, cyclobutenylbulenyl, cyclopen- 
tenylpropenyl. cycfopentenylbutenyl, cyclopropenylpentenyl, cyclopropenylhexenyl. cydopropenylheptenyl, cy- 
clobutenylpropenyl, cyclohexenylpropenyl and cyclohexenylbutenyl; and 

cycloalkenylalkynyl groups such as cyclopropenylpropynyl, cyclopropenylbutynyl, cydopropenylpentynyl, cyclo- 
propenylhexynyl, cyclopropenylheptynyl, cyclobutenylpropynyl. cyclobutenylbutynyl. cyclopentenylpropynyl, cy- 
clopenlenylbulynyl, cydohexenylpropynyl and cyclohexenylbutynyl. 

[001 4] In the above general formula [I]: 

(1 ) Ar represents a phenyl group or a heteroaromatte group such as 2-pyrrolyl, 3-pyrrolyl, 2-furyl, 3-f uryl, 2-thlGnyl, 

3- thienyl, S pyrazolyl, 4-pyrazolyl, 3-lsoxazolyl, 5-lsoxazolyl, 2-lmidazolyl. 4-jmlda2olyl, 2-oxa2olyl, 4-oxa2olyl! 
S-oxazolyl, 2-thlazolyl, 4-thlazolyl, S-lhlazolyl, 2-pyrldyl. 4.pyridyl. 2-pyrimldinyl or 4-pyrlmldlnyl. In whteh one or 
two optional hydrogen atoms on the ring may be replaced by substltuent groups selected from the group consisting 
of a fluorine atom and a methyl group. 

(2) R1 represents a cycloalkyi group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 carbon atoms. Pref- 
erably, Ri is a cyclopropyl, cyclobutyl, cyclopentyl or cyclopentenyl group. 

(3) X represents IMH. 

(4) R2 represents a linear or branched Cg-Cigalkyl, Cg-C^s alkenyl orCg-C^s alkynyl group, a Cg-qscycloalkylalkyl 
^5-^15 cycloalkylalkenyl group In which an optional hydrogen atom(s) on the cycloalkyi ring may be replaced 

by a C^-Cs alkyI group(s), a C5-C15 bicydoalkylaikyi or C5-C15 bicycoalkylalkenyl group In whfch an optional hy- 
drogen atom(s) on the bicycloalkyi ring may be replaced by a CyC^ alkyI group(s). a Cg-C^g cycloalkenylalkyl or 
^5-^15 cycioalkenylalkenyl group In which an optional hydrogen atom(s) on the cycloalkenyl ring may be replaced 
by a CyCe alkyI group{s), a C5-C15 bicycloalkenylalkyi or Cs-C^g bicyloalkenylalkenyl group in which an optional 
hydrogen atom(s) on the bteycloalkenyl ring may be replaced by a C^Cq alkyI gnc)up{s). or a Cg-Cis cycloalkyla- 
Ikynyl or C5-C15 cycloalkenylalkynyl group. 

[00151 In addition to the compounds described in the examples which will be given later, specific examples of the 
compounds of formula [I] in accordance with the present invention include: 

N-[1-(3-methylhexyl)piperidin-4-y!]-2-cydopentyl-2-hydroxy-2-phenylacetamide, 

N-[1.(5-m6thyIhexyl)piperidln-4-yll-2-cvdopentyl-2-hydroxy-2-phenylacetamlde, 

N-[1-(3,3-dimethylheptyl)piperidin-4>yl]-2-cyclopenlyl'2-hyclroxy-2-phenylacetamide, 

N-[1-(2-methylh6ptyl)plperidln-4-yl]-2-cydopGntyl-2-hydroxy-2-phenylacetamide, 

N-[1-(3-methylheptyl)plpGrldin-4.yQ-2-cyclopentyl-2-hydroxy-2-phenylacetamlde, 

N-[1-(3-ethylhexyl)piperldin-4-yl]-2-cyclopentyl-2 hydroxy-2-phenylacetamide, 

N-[1-(3-ethylheptyl)plperidln^-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1-(E)-(3-methyl-2-hexenyl)pl peridin-4-yll-2-cyclopentyl-2-hydroxy-2-phenylacetamide. 

N-[1-(2)-(3-methyl-2-hexGnyl)pip6ridln-4-yl]-2-cyclopenty|.2-hydroxy.2-pheny!acetamld6, 

N-[1-(E)-(4-methyl-3*octenyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1-(Z)-(4-methyl-3-octenyl)piperidin-4-yll-2-cyclopentyl-2-hydroxy-2i3henylacetamide, 

N-[1-(E)-(3-methyl-3-hGxenyl)piperidln-4-yl]-2-cyclop6ntyl-2-hydroxy-2-phenylacetam!de, 

N-[1-(Z)-(3-methyl-3-hexenyl)plperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1-(3-hexynyl)plpGrldln-4-ylJ-2-cyclopenlyl-2.hydroxy-2-phenylac9tamlde, 
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N-[1'(3-mGthyl-4-p8ntynyl)p!pGridin-4-yl]-2<ydopentyl-2-hydroxy-2-phenyl^^ 
N^1[2-(2HTiethyIcyc!opentyl)ethyl]piperidin-4-yl)-2-cyclopentyl-2-hydr^^ 
N-[1-(3-cyctoh8xylpropyl)piperldin-4-yll-2-cyclop8ntyl-2-hydroxy-2-phenylac6tamid8, 
N-(1-cycIoheptylmethylpipeiidin-4-yl)-2-cyclopentyl-2-(3-furyI)-2-hydroxyacetOT 

5 N-(1-C7CloheplyIm6thylpiperidin-4-yl)-2-cyclop6ntyl-2-hydroxy-2-(3-pyrazolyl)ac8t^ 
N-(1-cycloheptylmethylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(4-pyra2olyl)acet^ 
N-(1-cycloheptylmethylpiperidin-4-yI)-2-cycIopentyl-2-hydroxy-2-{3-isoxazolyl)acetam 
N-(1-cycIoh8ptylmethylpip8iidin-4-yl)-2-cycIop8nlyl-2-hydroxy-2-(4-lsoxazoIyI)acelam 
N-(1-cycloheplylmethylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(5-lsoxazo!yl)acelam 

10 N-(1-cycIoh8ptyImBthylpiperidin-4-yI)-2-cyclop8ntyl-2-hydroxy-2-(3-lsothla2olyl)acel^ 
N-(1-cydohepty!methylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(4-lsothia2olyl)acetam 
N-(1-cycloh6ptylm6thy!plperidln-4-yi)-2-cyclop8ntyl-2-hydroxy-2-(5-lsothla2olyl)ac8t^ 
N-(1-cycloheptylm6thylpiperldln-4-yl)-2-cyc(op6ntyl-2-hydroxy-2-(2-lmida2olyl)acelam!^ 
N-(1-cycloheplylmethylplperidin-4-yI)-2-cyclopentyl-2-hydroxy-2-(4-imida2olyI)a^ 

IS N-(1-cycloheptylm6thylplperidln-4-yl)-2-cyclopentyl-2-hydroxy-2-(2-oxa2olyl)acetam^ 

N-(1-cyc(oheplylmethylpiperldin-4-yl)-2*cyclopentyl-2'hydroxy-2-(4-oxazolyl)acelamide, 
N-(1-cycloheptyImethylplperidln-4-yl)-2-cyc!op8ntyl-2-hydroxy-2-(5-oxazolyl)acetamld6, 
N-(1-cyc!oheplylmethy!pip8ridin>4-yl)-2-cyc!opentyl-2-hydroxy*2-(5-lhiazo!yl)acetamide, 
N-(1-c^cloheptylmethylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(3-pyridyl)acet^ 

20 N-(1-(^cloh6ptyIm6thylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(4-pyrldyl)acetamid8 

N-(1-cycloheplylrnethylpiperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-(3-pyridazlnyl)acetarnide, 
N-(1-cycloh6ptylmethylp(perldin-4-yl)-2-cyclop6ntyl-2-hydroxy-2-(4-pyrldazlnyI)acetam 
N-(1'C7clohepty!methylpiperidin-4-yl)-2-cyclvpentyl-2-hydroxy-2-(2-pyrimidinyI)acetami 
N-(1-cycioheptytm8thytpiperidin-4*yl)-2-cydop8ntyl-2-hydroxy-2-(4-pyrlmldiny^ 

25 N-(1-cycloheptyImethylpiperldln-4-yl)-2-cyclop6ntyl-2-hydroxy-2-(2-pyrazinyl)acet^ 
N-(1-cycloheptylmethylplpeiidin-4-yl)-2-cycIobutyl-2-hydroxy-2-phenylacetamlde, 
N-(1-cyc(oheptylmethylplp8iidln-4-yl)-2-cyclohexyl-2-hydroxy-2-phenylac8tamide, 
N-[1 -(3-cyclohexenyl)methylplperidin-4-ylJ-2-cyclopentyl-2-hydroxy-2-phenyl acelami de, 
N-[1 -(2-cycloheptenyl]methylplp8iidin-4-yi]-2-cyclopentyl-2-hydroxy-2-phenylacetamid6, 

30 N-[1 -(3-cycloheptenyl)methy lpiperidln-4-yl]-2-cyc[openty! -2-hydroxy-2-phenylacetamide, 

N-[1-(4-cycIohepteny!)methylpiperidin-4-yl]-2K;yclopentyl-2-hydroxy-2-phenylacetamide, 
N-[1-(3-cyclobutylldenepropyl)plperldln-4-yl]-2-c^c!openTy!-2-hydroxy-2-phenylac6tarnid8, 
N-[1-(3-cyclopentylideneethyl)plperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 
N-[1-(E)-(4K:yclop9ntyl-3-p8ntBnyi)piperidin-4-y)]-2-cyclop8ntyl-2*hydroxy-2-phenylac8tam 

35 N-[1-(Z)-(4K:yclopentyl-3-pentenyl)plperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 
N-[1-(E)-(3-cyclop6nlyl-2-propenyl)p[perldin-4-yf]-2<ycIopentyl-2-hydroxy-2-pheny!acetamid6, 
N-[1-(Z)-(3-cyctopentyl-2-propenyl)plperidln-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetam 
N-[1-(E)-(4-cyc!opentyl-2-butenyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 
N-[1-(Z)-(4K:ydopentyl-2-bulenyl)p!p6ridin-4-yl]-2-cyclopenryl-2-hydroxy-2i>heny 

40 N-[1-(3-cyc!opentyl-2-propenyl)piperidin-4-ylJ-2-cyclopentyl-2-hydroxy-2-phenylacelamide, 
N-[1-(4-cyclopentyl-2-butynyl)pip8ridln-4-yl]-2-cyclopentyl-2-hydroxy-2-ph9nylac8tamid8, 
N-{1-[2-(1<yclopentenyl)ethyQpiperidin-4-yO-2-cyclopentyl-2-hydroxy-2-phenylacetarTiide, 
N^1-[2-(5-methyl-lKjydopentenyl)ethyQpiperidin-4-yl^2<yclopentyl-2-hydroxy-2-phenylacete^ 
NM1-[(Z)-3-(1-cycloh8xenyl)-2-propenyllpip8ridin-4-yl}-2-cydopentyl-2-hydroxy-2i)h8nylacet^ 
NH1-[(E)-3-(1-cycIohexenyI)-2-propenyl]piperidln-4-yl}-2<yclopentyI-2-hydroxy^ 
N^1-[(E)-4•(3•cyclohexenyl)-3-bmcnyl]pipsridJn-4-yi}-2-cyciopen^yi-2•hydroxy-2-ph^ 
NMl-[(Z)-4*(3-<^clohexenyl)-3-butenyl]piperidin-4-yl)-2-cyclop8ntyl-2-hydroxy-2-phenylacet^^ 
N-^l •[3-(l K:yclohexenyl)-2-propynyl]pip8ridin-4-yl}-2<ydopentyl-2-hydroxy-2-phenylacetamld^ and 
N-{1-[4-(3-cycloh6X6nyi}-3-bulynyl]plpdrldln*4-yq-2H^clopentyl-2-hydrx>xy-2-phenylac8m^ 

50 

[C016] According to the naanner of substitution, the compounds of the present invention nriay exist In the fotm of 
stereo isonners such as optical isomers, diastereoisomers and geometrical isomers. It is to be understood that the 
compounds of th8 present invanilon also Include all such stereoisomers and mixtures thereof. 
[001 7J Moreover, the compounds of the present invention may exist in the form of pharmaceutically acceptable aal Is. 
^ [0018] Such salts include inorganic acid salts auch as hydrochlorides, sulfates, nitrates, phosphates and perchlo- 
rates; organic carboxyllc acid salts such asmaleates,fumarates, succinates, tartrates, citrates and ascorbates; organic 
sulfonic acid salts such as methanesulfonates, isethionates, benzenesu! fonates and p-toluenesulfonales; and the like. 
[0019] The compounds of the above general tonnula [i] In accordance with the present Invention can be prepared. 
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for Gxample, by: 

(a) reacting a carboxylte acid of th© general formula [III] 

Ar 

HO— j— COOH CIIII 
wherein Ar and Ri are as defined above, or a reactive derivative thereof with a compound of the general fonriul a [IV] 

wherein has the same definition as above, or Is a linear or branched C2-C14 alkyi, C2-C14 alkenyl or Cg-Cn 
alkynyl group, a Ca-C,^ cycloalkylalkyi or Cg-C^ cycloalkylalkenyl group in which an optional hydrogen atom(s) 
on the cycloalkyi ring may be replaced by a 0^-0^ a^kyl group(s), a C2-C^4 bicycloalkylalkyi or Ca-Cu bicycoalky- 
lalkenyl group In which an optional hydrogen atom(s) on the blcycloalkyl ring may be replaced by a C^-Cg alkyI 
group(s), a C^ C^^ cycloalkenylalkyi or Cg-C^^ cydoalkenylalkenyl group In whfch an optional hydrogen atom(8) 
on the cycloalkenyl ring may be replaced by a C^-Cg alkyI group{s), a C^-C^^ bteycloalkenylalkyi or bicy- 
loalkenylalkenyl group in which an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by a 
CyC^ alkyI group{s), or a 02-0^4 cycloalkylalkynyl or C2-C14 cycloalkenylalkynyl group, having a protected or 
unprotected 0x0 group, and X is as defined above, or a salt thereof; and when R20 is the group having a protected 
or unprotected 0x0 group, deprotecting the resulting product where necessary, subjecting it to the Wiltig reaction, 
and reducing the existing double bond where necessary; 

(b) reacting a carboxyllc acid of the above general formula [III] or a reactive derivative thereof with a compound 
of the general fomiula [VJ 





wherein E Is a protective group for the Iml no group, and X Is as defined above, or a salt thereof; deprotecting the 
resulting compound of the general fonnula [VI] 



N— E r VT 1 



wherein Ar, Ri. X and E are as defined above; reacting the compound of general formula [VI] with a compound of 
the general formula [VII] or [VIII] 

R^-L [VII] 

or 
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R^^-CH=CR^^-COR^^ [Villi 

wherein RS"" and R22 may be the same or different and each represent a hydrogen atom or a C^-Cg alkyi 
group, R23 represents a hydrogen atom, a linear or branched CyC^2 ^1*^12 alkenyl or Ci-C^a alkynyl group, 
cycloa!kyla!kyl or cycloalkylalkenyl group in whrch an optional hydrogen atom(s) on the cycloalkyl- 
ring may be replaced by a CyC^ alkyl group(s), a Ci-Ci2 bicycloalkylalkyi or Ci-C^g bicycoalkylalkenyl group In 
which an optional hydrogen atom(s) on the bicydoalkyi ring may be replaced by a C^-Ce alkyl group(s), a CfC^g 
cycloalkenylalkyi or C^-C^2 cycloalkenylalkenyl group In which an optional hydrogen atom(s) on the cydoalkenyl 
ring may be replaced by a Ci-Cg alkyl group(s), a C^-C^2 bicycfoalkenylalkyi or C,-C,2 bicyloalkenylalkenyl group 
in which an optional hydrogen alom(s) on the bicycloalkenyl ring may be replaced by a C^-Cg alkyl group(s), or a 
C,-Ci2 cycloalkylalkynyl or CyC^2 cydoalkenylalkynyl group. 

L represents a leaving group, and R^o is as defined above, if necessary, in the presence of a base; and when 
a compound of general formula [VII] In which R20 is the group having a protected or unprotected 0x0 group or a 
compound of the general fomiula [VIII] is reacted, deprotecti ng the resulting product where necessary, subjecting 
It to the Wittig reaction, and reducing the existing double bond where necessary; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkylation reaction 
with a compound of the general formula [IXJ 

R^^-CHO [IX] 

wherein R24 represents a linear or branched C4-C14 alkyl, C4-C14 alkenyl or C4-C14 alkynyl group, a C^-C-,^ cydoalky- 
lalkyl or O^-C^^ cycloalkylalkenyl group in which an optional hydrogen atom(s) on the cydoalkyl ring may be replaced 
by a Ci-Cfi alkyl group(s), a C^-C^^ bicydoalkylalkyi or C4-C14 bicycoalkylalkenyl group In which an optional hydrogen 
atom(s) on the bicydoalkyi ring may be replaced by a C^-Cg alkyl group{s), a €4-0^4 cycloalkenylalkyi or C4-Ct4 cy- 
cloalkenylalkenyl group In which an optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a C^-Cg 
alkyl group(6), a C4-C-,4 bicycloalkenylalkyl or C4-C-,4 bicyloalkenylalkenyl group in which an optional hydrogen atom 
(s) on the bk^ycloalkenyl ring may be replaced by a C^-Cq alkyl group(s), or a O^-O^^ cycloalkylalkynyl or C4-C14 
cydoalkenylalkynyl group. 

[0020] In the above formulae [IV] and [VII], "the groups having a protected or unprotected 0x0 group" represented 
by R^o include, for example, groups each comprising an alkylene chain having an 0x0 group therein, such as CHgCHO, 
CH2CH2CHO and CH2CH2-CO-CH3 ; and aliphatic hydrocarbon radicals each comprising an alkyl chain having therein 
0x0 groups protected In the f omri of an acetal or ketal, such as CH2-CH(0R8)(0R7), CH2CH2-CH(0R6)(0R'') and CHgC 
(CH3}(0R^(0R7) in which R^ and R^ each represent a lower alkyl group or are combined to form an ethylene or 
trimethyiene group. 

[0021] In the above formula [VII], "leaving groups" represented by L include, for example, halogen atoms such as 
chlorine, bromine and iodine; alkylsutfonyioxy groups such as methanesul fonyloxy; and aryl sulfonyloxy groups such 
as p-toluenesuttonyloxy. 

[0022] In the above formulae [V] and [VI], "protective groups for the imino group" represented by E indude, for 
example, araikyl groups such as benzyl, p-methoxybenzyl, p-nitrobenzyl, benzhydryl and trityl; lower alkanoyi groups 
such as fonnyl, acetyl and propfonyt; arylalkanoyi groups such as phenylacetyl and phenoxyacetyl; lower alkoxycarb- 
onyl groups such as methoxycarbonyl, ethoxycarbonyl and t-butoxycarbonyl; alkenyloxycarbonyl groups such as 
2-propenyloxycarbonyl ; aralkyloxycartonyl groups such asbenzyloxycarbonyl and p-nltrobenzyloxycarbonyl; and low- 
er £!I<y!sl!y! groups such as trimethyfsilyl and t-buty(d!methylsllyl. Among others, t-butoxycarbonyl and benzyloxycarit)- 
onyl groups are preferred. 

[0023] In the above-described process variant (a), a carboxylic acid of fomnuta [111] is reacted with a compound of 
f onmula [IV] or a salt thereof in the presence of a suitable condensing agent. Thus, there is obtained a coupled compound 
of the general formula [X] 
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wherein Ar, R\ X and R20 are as defined above. 

[0024] The carboxylic acid of formula [IN] used as a starting material in the above condensation reaction can readily 
be prepared, for example, according to the method of SB. Kadin [J. Org. Chem., Vol. 27, pp. 240-245 (1 962)]. 
[0025] The condensing agent used In the above-described reaction may be any of various condensing agents that 
are commonly used In the Held of organic synthetic chemistry for the condensation reaction of acarboxyl group with 
a hydroxyl or amino group, and examples thereof Include N,N'-dicyclohexylcarbodilmide, 1 -ethyl-3-(3-dimethylamino- 
propyl)carbodllmide, diphenylphosphoryl azide and dipyridyl disulfldetriphenylphosphine. Among others, 1-ethyl- 
3-(3Hdlmethylamlnoprapyl)carboc«lmlde Is preferred. Although the amount of condensing agent used is not critical it 
may usually be used In an amount of 1 to 5 equivalents, preferably 1 to 2 equivalents, per mole of the compound'of 
formula [III]. 

[0026] If necessary, the above-described condensation reaction may be candled out in the presence of a base. Bases 
which can be used for this purpose Include, for example, aromatic amines such as pyridine, 4-dlmethylaminopyridine 
picoline, lutldlne. quInoHne and Isoqulnollne. Among others, 4.dlmethylaminopyridine Is preferred. 
I0027J The condensation reaction is preferably carried out In an Inert solvent. Suitable inert organic solvents include 
for example, diethyl ether, tetrahydrofuran, N,N-dlmethylformamlde, dioxane, benzene, toluene, chlorobenzene melh^ 
yiene chloride, chlorofomi, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the foregoing sol- 
vents. Among others, diethyl ether, tetrahydrofuran, N.N-dimethylfomnamlde and dioxane are preferred. 
[00281 The reaction temperature may usually range from -70^C to the boiling point of the solvent used for the reaction 
and- preferably from -20oC to 1 0O^C. Under these conditions, the reaction can usually be completed In a period of time 
rangi ng from 5 ml nutes to 7 days and preferably from 10 minutes to 24 hours. 

[00291 The proportion of the compound of fonnula [IV] or a salt thereof to the compound of formula [III] is not critical 
and may vary according to the types of these compounds, the reaction conditions employed and otherfactors. However, 
the compound of formula [IV] or a salt thereof may usually be used In an amount of 1 to 5 moles, preferably 1 to 2 
moles, per mole of the compound of fonnula [III]. 

[0030] The coupled compound of the above fomiula [X] can also be obtained by converting the carboxylic acid of 
fonnula [Hi] into a reactive derivative thereof and condensing it with the compound of formula [IV] or a salt thereof 
[0031] Suitable reactive derivatives of the carboxylic acid of fomiula [III] Include, for example, compounds whteh are 
commonly used in the field of organic synthetic chemistry for the activation of a carboxyl group In an esterification or 
amidation reaction, such as mixed acid anhydrides, active esters and active amides. 

[0032] Mixed acid anhydrides of the carboxylic acid of formula [III] can be obtained by reacting the carboxylic acid 
of formula [III] with an alky! chlorocarbonale {e.g., ethyl chlorocarbonate), an aliphatic carboxylic acid chloride (e g 
acetyl chloride or pivaloyi chloride) or the like according to a usual method. Active estere thereof can be obtained by 
reacting the carboxylic acid of fonnula [III] with an N-hydroxy compound (e.g.. N-hydroxysuccinlmide, N-hydroxyph- 
thallmlde or 1-hydroxybenzotriazole), a phenol compound (e.g., 4-nltrophenol, 2,4-dlnltroph6nol, 2,4,5-trlchlorophenol 
or pentachlorophenol) or the like In the presence of a condensing agent [e.g., N,N'-dicyclohexylcarbodilmide, 1-ethyl- 
3-(3-dlmethylaminopropyl)carbodllmlde, diphenylphosphoryl azide or dipyridyl disulfide-trlphenylphosphlne) according 
to a usual method. Active amides thereof can be obtained by reacting the carboxylic acid of fonnula [III] with 1,1'- 
carbonyldilmldazole. 1 ,1 •-carbonylbl8(2-methylimidazole) or the like according to a usual method. 
[0033] TTie condensation reaction of a reactive derivative of the compound of the cartsoxyllc acid of formula [III] with 
the compound of formula [IV] or a salt thereof is preferably carried out in an Inert solvent. Suitable inert organb solvents 
Include, for example, diethyl ether, tetrahydrofuran, N,N-dlmethytfonnamlde, dioxane. benzene, toluene, chloroben- 
zene, methylene chloride, chlorofomi, carbon tetrachloride, dichloroethane, trichloroethylene and mixtures of the fore- 
going solvents. Among others, diethyl ether, tetrahydrofuran, N,N-dimethylfonnami de and dioxane are preferred. 
[00341 The reaction temperature may usually range from -70''C to the boiling point of the solvent used for the reaction 

MUM |,i#iwi«,^tuwij iiwit|-i&v W IVU O . 

[0035] THe proportion of the compound of fonnula [IV] or a salt thereof to the reacti ve derivative of the compound 
of formula [III] is not critical and may vary accordi ng to the type of the reactive derivative and other factore. However, 
the compound of fonnula [IV] or a salt thereof may usually be used in an amount of 1 to 5 moles, preferably 1 to 2 
moles, per mole of the reactive derivative of the compound of formula [111]. 

[00361 When acompound of formula [IV] in which R20 is a saturated or unsaturated aliphatic hydrocarbon radical of 
5 to 15 carbon atoms Is used In the above-described condensation reaction, a compound of formula [X] In which R^o 
is as defined above, namely a compound of fonnula [I] in accordance with the present Invention, is directly obtained. 
[0037] On the other hand, when a compound of fonnula [IV] In which R20 is the group having a protected or unpro- 
tected 0X0 group is used, the resulting compound of formula [X] in which R20 is as defined above can be converted 
into a compound of formula [I] in accordance with the present Invention, by subjecting it to the WIttig reaction, either 
directly or after removal of the protective group, and then reducing the existing double bond where necessary. 
[0038] Removal of the protective group from the protected oxo group in the compound of formula pC] may generally 
be canrled out In an aqueous solvent with the aid of an Inorganic acid, an organic acid, a weakly acidic salt or the like. 
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Suitable Inorganic acids Include, tor example, hydrochloric add and sulfuric acid; suttable organic acids include, for 
example, p-toluenesulfonic acid, benzenesulfonic acid, camphorsulfonic acid and acetic acid; and suitable weakly 
acidic salts include, for example, ammonium chloride and pyridinium p-toluenesultonate. Preferred aqueous solvents 
include aqueous methanol, aqueous ethanol, aqueous tetrahydrofuran, aqueous dioxane and the like. The reaction 
5 may usually be carried out in the presence of a catalytic amount to 5 equivalents, preferably a catalytic amount to 1 
equivalent, of an acid or salt as described above, at a temperature ranging from 0"C to 100X and preferably from 
room temperature to 50*C. 

[0039] The WIttig reaction is carried out, for example, by reacting the compound of tomnula [X], from which the pro- 
tective group has been removed where necessary, with an yfide compound prepared by treating a phosphonium salt 

10 (fonned from a saturated or unsaturated aliphatic hydrocarbon of 1 to 1 2 carbon atoms having a chlorine, bromine or 
iodine atom as a substituent, and triphenylphosphine) with a suitable base in an inert solvent. Suitable inert solvents 
include, for example, tetrahydrofuran, dioxane, diethyl ether, hexane, toluene, benzene and N,N-dImethylfonTiamids. 
Suitable bases include, for example, sodium hydride, potassium hydride, sodium amide, sodium methoxide, sodium 
ethoxide, potassium tert-butoxide, n-bulyllithium, sec-butyllithium and tert-butyllithium. Among others, sodium hydride, 

IS potassium tert-butoxide and n-butylllthium are preferably used. In both the reaction for producing the above-described 
ylidecompound and the Wittig reaction, the reaction temperature may usually range from -26^C to 1 00**C and preferably 
from O'C to 50°C. The yllde compound may usually be used In an amount of 1 to 5 equivalents, preferably 1 to 2 
equivalents, based on the oxo compound. 

[0040] Furthermore, if necessary, the double bond existing in the N-substltuent on the piperidine ring of the compound 
20 thus obtained may be reduced to fomi a saturated bond. Reduction of the double bond may generally be carried out 
by effecting catalytic reduction in the present of a catalyst such as a palladium-carbon catalyst, palladium hydroxide, 
a Raney nickel catalyst or a platinum oxide catalyst, in an inert solvent (e.g.. methanol, ethanol, water or acette add) 
or a mixture of such solvents, preferably under a pressure of hydrogen of about 1 to about 20 kg/cm^, preferably at a 
temperature In the range of about 0 to about 40°C, for a period of time ranging from 10 minutes to 24 hours. 
25 [0041] In the process variant (b), the condensation reaction of a cari^oxylic acid of tomnula [III] or a reactive derivative 
thereof with a piperidine derivative of formula [V] in its first step may be canied out in the same manner as described 
for the condensation reaction of a carboxylto acid of formula [111] or a reactive derivative thereof with a compound of 
formula [IV] in the process variant (b). 

[0042] Subsequently, the protective group for the Imino group Is removed from the compound of the above formula 

30 [VI] obtained as result of this condensation reaction. 

[0043] Removal of the protective group for the imino group from the compound of formula [VI] can be carried out 
according to any of various conventionally known methods including, for example, the method of TW. Greene (whtoh 
is described in "Protective Groups in Organic Synthesis', John Wiley & Sons, 1981) and its equivalents. More specif- 
ically, this can be accomplished, for example, by solvotysis using an acid or base, by chemical reducti on usi ng a metal 

35 hydride complex or the like, or by catalytk; reduction using a palladium-carbon catalyst, a Raney nickel catalyst or the 
like. 

[0044] Solvolysis with an acid may generally be carried out by treating the compound of fonnula [VI] with an acid 
such as fonnk^ acid, trif luoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent (such as methylene chloride, 
anisole, tetrahydrofuran, dioxane. methanol or ethanol) or a mixture of such a solvent and water, or in the absence of 
40 solvent, preferably at a temperature in the range of about 0 to about 100^0 , for a period of time ranging from 10 
minutes to 24 hours. 

[0(M5] Solvolysis with a base may generally be carried out by treating the compound of fonnula [VI] with an alkali 
metal hydroxide (e.g., lithium hydroxide, sodium hydroxide or potassium hydroxide), an alkali metal carbonate (e.g., 
sodium cari)onate or potassium carbonate) or the like, in an inert solvent whtoh exerts no adverse effect on the reaction 

45 (e.g., methanol, ethanol, isopropanol, tetrahydrofuran or dioxane) or a mixture of such a solvent and water, preferably 
at a temperature I n the range of about -20 to about SO^C, for a period of time ranging from 10 minutes to 24 hours. 
[0046] Catalytic reduction may generally be carried out by catalytically reducing the compound of formula [VII in the 
present of a catalyst such as a palladium-carton catalyst, palladium hydroxide, a Raney nickel catalyst or a platinum 
oxide catalyst, In an inert solvent (e.g., methanol, ethanol, water or acetic acid) or a mixture of such solvents, preferably 

50 under a pressure of hydrogen of about 1 to about 20 kg/cnf, preferably at a temperature in the range of about 0 to 
about 40*'C, for a period of time ranging from 1 0 minutes to 24 hours. 
[0047] In a second step, the resulting compound of the general formula [XI] 
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[XIl 



wherein Ar, and X are as defined above, is reacted with a compound of formula [VII] or [Vlll], If necessary, in the 
10 presence of a base. 

[0048] The reaction of the compound of formula [XI] with the compound of formula [VII] or [Vlll] is usually carried out 
In a suitable solvent by using the compounds in substantially equlmolar amounts or using either of the compounds In 
slight excess (e.g., using the compound of fonmula [VII] or[VIII] in an amount of 1 to 1 .3 moles per mole of the compound 
of fonnula [XI]). If desired, however, either of the compounds may be used in large excess. Moreover, a suitable base 

IS and/or reaction additive may be used. 

[0049] Suitable solvents include, for example, ethers such as diethyl ether, tetrahydrofuran and dioxane; aromatic 
hydrocarbons such as benzene, toluene, chlorobenzene and xylene; aprotic polar solvents such as dimethyl sulfoxide, 
N,N-dimethylformamide, acetonitrile and hexamethylphosphoric triamide; and mixtures thereof. 
[0050] Bases which can be used for above-described reaction include, for example, alkali metal bicarbo nates such 

^ as sodium hydrogen carbonate and potassium hydrogen cartonate; alkali metal carbonates such as sodium carbonate 
and potassium carbonate; tertiary aliphatic amines such as Irlmethylamine, triethy (amine, N,N-diisopropylethylamine, 
N-methylmorpholine, N-methylpyrroildine, N-methylplperidlne. N,N-dimethylanlline, 1,8-dia2ablcyclo[5.4.0]undec- 
7-ene (DBU) and 1 ,5 diazabicyclot4.3.0]non-5-ene (DBN); and aromatic amines such as pyridine, 4-dimethylaminopy- 
ridine, picoline, iutidine, quinollne and isoqulnoline. Among others. N.N-dilsopropylethylamine and triathyiamine are 

^5 prefen'ed. 

[0051 ] Reaction additives which can be used for above-described reaction include, for example, alkali metal Iodides 
such as lithium iodide, sodium Iodide and potassium iodide. Among others, potassium iodide Is preferred. 
[0052] The reaction temperature may usually range from about O^C to the boiling point of the solvent, and the reaction 
tim e may usually range from 1 0 minutes to 48 hours. If desired, however, reaction conditions beyond these limits may 
30 be used. 

[0053] Thus, when a compound of formula [VII] in which R^o is a saturated or unsaturated aliphatic hydrocarbon 
radical of 5 to 15 carbon atoms is used as a starting material 1 n the reaction of the above-described second step, a 
compound of formula [I] in accordance with the present invention is directly obtained. 

[0054] On the other hand, when a compound of fonnula [VII] In which R^o is the group having a protected or unpro- 
35 tecled oxo group, or a compound of formula [Vlll] is used, the resulting product can be converted into a compound of 
formula [I] in accordance with the present invention, by subjecting it to the Wrttig reaction, eitherdir^tty or after removal 
of the protective group which may exist, and then reducing the double bond which may be present in the aliphatic 
hydrocarbon chain, where necessary. The above-described removal of the protective group for the oxo group, the 
Wittig reaction and the reduction of the double bond may be carried out In the same manner as described above in 
^0 connection with the process variant (a). 

[0055] The reductive alkyiatlon reaction of a compound of the above fonnula [XI] with an aldehyde of fonnula [IX] 
according to the process variant (c) is generally carried out in an inert solvent which exerts no adverse effect on the 
react! on. Suitable solvents include, for example, alcohols such as methanol and ethanol; ethers such as diethyl ether, 
tetrahydrofuran and dioxane; aromatic hydrocarbons such as benzene and toluene; and mixtures thereof. Among 
others, methanol, ethanol, tetrahydrofuran and toluene are prefen^ed. 

[0056] The reaction temperature may usually range from about -30'*C to about 200**C and preferably from about O'C 
to about 1 0O^C. The reaction time may usually range from 10 minutes to 7 days and preferably from 1 0 minutes to 24 
hours. 

[0057] The above-described reductive alkyiatlon reaction is preferably canied out under weakly acidic conditions 
so which facilitate the formation of Schiff bases. Acids whrch can be used to perform the pH control therefor include, for 
example, p-toluenesulfonic acid, hydrochloric acid, acetic acid and trifluoroacetic acid. 

[0058] The reductive alkyiatlon can be effected, for example, by means of a metal hydride complex such as sodium 
borohydride, sodium cy an oborohydrlde or lithium aluminum hydride, or by catalytic reduction using a palladium-carbon 
catalyst, a Raney nickel catalyst or the like. Preferably, it is effected by means of a metal hydride complex such as 
S5 sodium borohydride or sodium cyanoborohydride. Especially when the reductive alkyiatlon reaction is can^ied out under 
weakly acidte conditions which facilitate the fonnation of Schiff bases, It Is preferable to use sodium cyanoborohydride 
or the like which is relatively stable in the acid pH range. 

[0059] When a metal hydride complex is used as the reducing agent, the amount of reducing agent used may usually 
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range from 1 mole to excessive moles, preferably from 1 to 1 0 moles, per mole of the compound of formula [XI]. 
[0060] The compounds of formula [I) obtained according to the above-described process variants (a), (b) and (c) can 
ba Isolated and purified by using usual techniques. Suitable techniques include, for example, column chromatography 
using silica gel, adsorbent resin or the like, liquid chromatography, thin-layer chromatography, solvent extraction, re- 
5 crystallization and reprecipltatlon. 

[0061 1 The compounds of the present invention and intemiediales thereof exist in stereoisomeric f omns such as opti 
cal isomers, diastereoisomers and geometri cal isomers. It is to be understood that the compounds of the present 
invention also Include all such stereo-lsomerlcally pure substances and mixtures thereof. 

[0062] When the compounds of the present invention and intermediates thereof are racemates, their optical resolu- 
te tlon can be achieved by conventional means. For example, this can be accomplished by high-perfonnance liquid chro- 
matography using a chiral carrier or by fractional crystallization of a diastereomeric salt. 

[0063] The compounds of f onmula [I] obtained in the above-described manner may be converted into pharmaceull- 
cally acceptable salts thereof according to a usual method. Conversely, such salts may also be converted Into the 
corresponding free amines according to a usual method. 

15 [0064] JhQ compounds of fonnula [I] in accordance with the present invention have a potent and selective Inhibitory 
effect on binding to muscarinic receptors, as well as a potent and selective antagonistic effect on muscarinic receptors 
both in vitro and in vivo. These effects possessed by the compounds of the present Invention are demonstrated by the 
followTng tests on the inhibition of binding to muscarinic receptors and tests on antagonism against muscarinic recep- 
tors. In these tests, their inhibitory and antagonistic effects were expressed in terms of the dissociation constant (Kj) 

20 of each test compound which was calculated from Its concentration (IC50) causing a 60% inhibition of the binding of a 
labeled ligand to muscarinic receptors. As the labeled ligand, pH]-telenzeplne was used forthe muscarinic receptors 
and pHl-N-methylscopolamlne for the muscarinic and M3 receptors. 

Tests for the Inhibition of Binding to Muscarinic Receptors 

25 

1) Preparation of membrane specimens 

[0065] A male SD strain rat (purchased from Nippon Charies River Co., Ltd.), weighing about 250-350 g, was sac- 
rificed, and the cerebral cortex, heart and lacrimal glands were excised. Using a Polytron (setting 5), each organ was 

30 homogenized in 5 volumes of an ice-cold buffer solution (pH 7.4) containing 50 mM tris-HCI, 5 mM magnesium chloride, 
1 mM trisodium ethylenediaminetetraacetate and 20% sucrose. The resulting homogenate was centrifuged at 3,000xg 
at 4'C for 1 5 minutes, and the supernatant was tittered through gauze and ultracentrif uged at 1 0O.OOOxg at 4*0 for 45 
minutes. The resulting precipitate was suspended in an ice-cold buffer solution {pH 7.4) containing 50 mM tris-HCI and 
5 mM magnesium chloride (hereinafter referred briefly to as "tris buffer") and ultracentrifuged at 100,000xg at 4*'C for 

35 45 minutes. The resulting precipitate was suspended in tris buffer so as to give a concentration of 50 mg/ml and stored 
at -80°C till use. The membrane specimens so prepared were thawed priorto use and submitted to tests for the Inhibition 
of binding to muscarinic receptors. 

2) Tests for the Inhibition of binding to the muscarinic receptors 

40 

[0066] These tests were perfonned according to a modification of the method of Hargreaves et al. [Br. J. Phannacol., 
Vol. 107, pp. 494-501 (1992)]. Specifically, a mixture of a membrane specimen from the cerebral cortex, 1 nM pH]- 
telenzeplne (85 Ci/mmol; manufactured by New England Nuclear) and a test compound in 0.5 ml of tris buffer was 
incubated at room temperature (about 20-25''C) for 120 minutes. Afterthe addition of 0.5 ml of Ice-cold tris buffer, the 

45 mixture was filtered by suction through a glass filter (Packard Unifilter Plate GF/C). Then, the filter was washed four 
times with 1 ml portions of Ice-cold tris buffer and dried at 50°C for an hour. Afterthe addition of a scintillator (Packard 
Microscinti 0), the radioactivi ty of [3H]-telenzepine adsorbed to the filter was measured with a microplate scintillation 
counter (Packard Topcount). The nonspecific binding of [^H)-telenzepine to receptors was detemiined by the addition 
of 10 mM pirenzeplne. According to the method of Cheng and Pmsotf [Biochem. Pharmacol., Vol. 22, pp. 3099-3108 

50 (1 973)], the affinity of the test compound (i.e. , a compound in accordance with the present invention) for the muscarinic 
Ml receptors was detemiined In terms of its dissociation constant (KJ calculated from the concentration (IC50) of the 
test compound which was required to cause a 50% inhibition of the binding of [^H]-telenzepine used as the labeled 
ligand. 

S5 3) Tests for the inhibition of binding to the muscarinic M2 receptors 

[0067] These tests were performed in the same manner as described above in "2) Tests for the inhibition of binding 
to the muscarinic M^ receptors", exceptthat a membrane specimen fromthe heart was used as the membrane specimen 



13 



EP 0 823 423 B1 



and 0.2 nM pH]-N-fnethylscopolamlne (84 Cl/mmol; manufactured by New England Nuclear) as the labeled llgand. 
The nonspecific binding of pH]-N-methyIscopolamine to receptors was determined by the addition off 1 mM N-meth- 
ylscopolamine. 

5 4) Tests for the inhibition of binding to the muscarinic M2 receptors 

[0068] These tests were performed in the same manner as described above in "2) Tests for the inhibition of binding 
to the muscarinic receptors", except that a membrane specimen from the lacrimal glands was used as the membrane 
specimen and 0.2 nM pHJ-N-methylscopolamine as the labeled ligand. The nonspecific binding of pH]-N-methyteco- 
10 polamine to receptors was detennlned by the addition of 1 mM N-methylscopolamlne. 



Table 1 



Inhibitory Effects on Blndlnci to the Muscarinic Mc and M^ Receptors 




Kj(nM) 


M^/M3 


M2/M3 


Ml 


M2 


M3 


Compound of Example 1 


45 


660 


8.9 


5.0 


96 


Compound of Example 16 


13 


302 


3.1 


4.2 


97 


Compound of Example 22 


120 


1400 


9.2 


13.0 


152 


Compound of Example 28 


6.0 


190 


2.0 


3.0 


96 


Compound of Example 29 


40 


1100 


4.1 


10 


270 


Compound of Example 32 


84 


2300 


11 


7.9 


220 



[0069] As is evident fro.m the results shown in Table 1 above, the compounds of the present invention antagonized 
the muscarinic M3 receptors more strongly than the muscarinic M^ and M2 receptors. 

30 Tests for Antagonism against Muscarinic Mj Receptors (In vitro) 

1 ) Tests for antagonism against the M^ receptors In an Isolated rabbit vas deferens 

[0070] These tests were performed according to an ordinary method. A male Japanese albino rabbit (weighing about 
35 3 kg) was killed by exsangulnatlon from a femoral artery under anesthesia with pentobarbital, and the vasa deferentia 
were excised. Portions (1 cm long) thereof adjacent to the prostate were used as vas deferens preparations. A prep- 
aration was longitudinally suspended in a Magnus tube filled with 20 ml of Krebs-Henselelt nutrient solution [gassed 
with 95% Og - 5% CO2 and kept at 32'*C ; containing 1 mM yohimbine (02 antagonist)] with an initial tension of 1 .0 g. 
The tension of the preparation was recorded isometrically. After the preparation was equilibrated for 30 minutes, elec- 
40 trical stimuli (0.5 ms^ 30 V) were applied thereto by means of a bipolar electrode to induce contractions at intervals of 
20 seconds. After contractions Induced by the electrrcal stimulation were stabilized, an inhibition of contractions in 
response to McN A-343 (2.5 x 1 Q S M, selective M^ agonist) was observed three times (adaptive response). After the 
preparation was washed with fresh solution to resume contractions, McN A-343 (10-7 to 10*5 M) was cumulatively 
administered from the towemriost concentration In three-fold increasing doses until a maximum response was achieved. 
45 Thus, there was obtained a dose-response curve for the control experiment. After the preparation was washed with 
fresh solution to resume contractions, it was treated wi th a test compound. Ten minutes later. McN A-343 was cumu- 
latively administered again. Responses to McN A-34d were expressed as percentages based on the amount of con- 
traction before administration of McN A-343. The antagonistic potency (Kg value) of the test compound was detemnined 
from the degree of shift of the dose-response curve obtained by treatment with the test compound. 

50 

2) Tests for antagonism against the M^ receptors in an isolated rat right atrium 

[0071 ] These tests were perf onmed according to an ordinary method. A male SD strain rat (weighing 300-500 g) was 
killed by exsangulnatlon, and th© right atrium was excised. This preparation was isometrically suspended in a Magnus 
55 tube filled with 20 ml of Krebs-Henselert nutrient solution (gassed with 95% Og - 6% CO2 and kept at 32'^C) with an 
initial tension of 0.5 g. The heart rate was recorded with a heart rate counter. After the preparation was equilibrated 
for 30 minutes, cartDachol (10-^ to 10*^ M) was cumulatively administered from the lowermost concentration In three- 
fold increasing doses. Thus, a decrease in heart rate was measured to obtain a dose-response curve for the control 
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expartment. After the preparation was washed with fresh solution to restore the heart rate, a test connpound was ad- 
ministered thereto. Ten minutes later, carbachol was cumulatively administered again. Responses to carbachol were 
expressed as percentages based on the heart rate before administration of carbachol. The antagonistic potency (Kg 
value) of the test compound (I.e.. a compound In accordance with the present invention) was determined from the 
5 degree of shift of the dose-response curve obtained by treatment with the test compound. 

3) Tests for antagonism against the airway M3 receptors in an isolated rat trachea 

[0072] These tests were performed according to an ordinary method. A male SD strain rat (weighing 300-500 g) was 
iO killed by exsangulnation, and the trachea was excised. Annular segments (2 mm wide) were cut out from the trachea 
and cut open at the anterior cartilage part to make transversely sectioned trachea preparations. A preparation was 
suspended in a Magnus tube filled with 5 ml of Krebs-Henselert nutrient solution (gassed with 95% Og - 5% CO2 and 
kept at 32''C) with an initial tension of 1 .0 g and a resting tension of 0.6 g. The tension of the preparation was recorded 
isometrically. After being equilibrated for an hour, the preparation was made to contract twice by treatment with 1 0^ 
IS M carbachol, and the second contraction Induced by carbachol was used as the reference contraction. After the prep- 
aration was washed with fresh solution to make a return to the base line, a test compound was administered thereto 
(or no treatment was made). Ten minutes later, carbachol (10-^ to 10*3 M) was cumulatively administered in three-told 
i nc reas i ng doses to obtain a dose-response curve. The dose-response curve was constructed by expressing re- 
sponses as percentages based on the reference contraction of the preparation. The antagonists potency (Kg value) 
^ of the test compound (i.e., a compound in accordance with the present Invention) was determined from the degree of 
shift of the dose-response curve obtained by treatment with the test compound. 

4) Tests for antagonism against the intestinal M3 receptors in an isolated rat ileum 

25 [0073] A male SD strain rat (weighing 300-500 g) was killed by exsangulnatlon, and the ileum was excised. This 
ileum was cut to make ileum preparations having a length of 2 cm. A preparation was suspended in a Magnus tube 
filled with 20 ml of Krebs-Henselett nutrient solution (gassed wl th 95% Og - 5% COg and kept at 32°C) under a load 
of 0.5 g. The tension of the preparation was recorded isotonically. After being equilibrated for an hour, the preparation 
was made to contract twice by treatment with 1 0'^ IVI carbachol, and the second contraction induced by carbachol was 

30 used as the reference contraction. After the preparation was washed with fresh solution to make a return to the base 
line, a test compound was administered thereto (or no treatment was made). Ten minutes later, carbachol (1 0"® to 1 0"^ 
M) was cumulatively administered from the lowermost concentration in three-fold increasing doses to obtain a dose- 
response curve. The dose-response curve was constructed by expressing responses as percentages based on the 
reference contraction of the preparation. The antagonistic potency (K3 value) of the test compound was detemnlned 

33 from the degree of shift of the dose-response curve obtained by treatment with the test compound. 

5) Tests for antagonism against the bladder M3 receptors in an Isolated rat bladder 

[0074] These tests were performed according to an ordinary method. A male SD strain rat (weighing 200-400 g) was 
^0 killed by exsanguination, and the bladder was excised. This bladder axially cut Into eight parts to make bladder prep- 
arations. A preparation was suspended In a Magnus tube filled with 5 ml of Krebs-Henselelt nutrient solution (gassed 
with 95% O2 - 5% CO2 and kept at 32X) with an initial tension of 0.5 g. The tension of the preparation was recorded 
isometrfcally. After being equilibrated for an hour, the preparation was made to contract twice by treatment with 10^ 
M carbachol, and the second contraction Induced by carbachol was used as the reference contraction. After the prep- 
aration was washed with fresh solution to make a return to the base line, a test compound was administered thereto 
(or no treatment was made). Ten minutes later, carbachol (10-b to lO"^ M) was cumulatively administered from the 
lowennost concentration in three-fold increasing doses to obtain a dose-response curve. The dose- response curve 
was constructed by expressing responses as percentages based on the reference contraction of the preparation. The 
antagonistic potency (Kg value) of the test compound was determined from the degree of shift of the dose-response 
50 curve obtained by treatment with the test compound. 
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[0075] As is evident from the result shown In Table 2 above, the compound of the present invention antagonized 
various muscarinic receptors Including the vas deferens M^, right atrium M2, trachea M3, Ileum M3 and bladder M3 
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receptors. Its action was more sele<^lveto the trachea, Ileum and bladder M3 receptors, and particularly strong antag- 
onism against Ihe trachea M3 receptors was observed. That Is, the compound of the present Invention is a compound 
which Is more selective to the trachea M3 receptors. 

Tests tor antagonism against muscarinic receptor (In vivo) 

1) Tests for bronchodiiation in rats 

[0076] Eight- to eleven-weeks-old male rats of the Sprague-Dawley strain, weighing 300-400 g, were anesthetized 
with urethane (750 mg/kg, i.p.) and a-ch!cr&!os& (37.5 mg/kg, i.p.}. A bronchus was intubated, and the right Jugular 
vein was cannulated for drug administration. After spontaneous respiration was fully supressed by succinylcholine (5 
mg/kg, s.c), the airway resistance was measured under artificial ventilation by means of a Pulmonary Mechanfos Model 
6 (Buxco). To evoke an Increase in airway resistance, acetylcholine (50 ixg/kg, i.v.) was administered to the animals. 
Mean values for the acetylcholine-lnduced increase in airway resistance as measured five minutes before (control) 
and five minutes after test compound administration were calculated and the results were expressed as percentages 
of the control response. The ID50 value was cateulated from the dose-response curve of the test compound using probit 
analysis and defined as the drug dose that inhibited the acetylcholine-induced Increase in airway resistance in the 
control group by 50 %. 

2) Tests for salivary secretion In rats 

[0077) Five- to seven -weeks-old male rats of the Sprague-Dawley strain were anesthetUed with sodium pentobarbital 
(65 mg/kg, i.p.), and a cannula was inserted into the right jugular vein for purposes of drug administration. A test 
compound was administered Intravenously. Five minutes later, carbachol (10 ^.g/kg, i.v.) was administered to evoke 
salivary secretion. For each rat, saliva collection was started immediately after carbachol administration and continued 
for ten minutes. This was carried out by inserting glass capillaries (Drummond, 1 00 m.1} into the oral cavity of the rat at 
intervals of one minute. The amount of collected saliva was detennined on the assumption that a length of 75 mm of 
the glass capillary corresponded to 100 ^1. Physiological saline was used in the control group. The value was 
calculated from the dose-response curve of the test compound using probit analysis and defined as the drug dose that 
inhibited the carbachol-induced salivation in the control group by 50%. 

3) Tests for mydriasis In rats 

[0078] Five- to seven-weeks-old male rats of the Sprague-Dawley strain were anesthetized with pentobarbital (65 
mg/kg, i.p.). and a cannula was inserted into the right jugular vein for purposes of drug administration. By using a 
graduated scale (pultlometer), pupillary responses to dnjgs were measured to the nearest 0.1 mm at the point of the 
greatest diameter. After a test compound was administered Intravenously, the change in pupil diameter relative to the 
value observed before administration of the test compound was measured. Responses were expressed as percentages 
of the maximal Increase in pupil diameter Induced by administration of atropine (30 ng/kg, I.v.), The ED50 value was 
calculated from the dose-response curve of the test compound using probit analysis and defined as the drug dose that 
induced 50 % of the maximal response. 

4) Tests for intravesical bladder pressure in rats 

[0079] These tests were performed according to the method of Maggi et al. (Drug Dev. Res. 10: 157-170, 1987). 
Briefly, eight- to ten-weeks-old mala rats of the Sprague-Dawley strain, weighing 330-370 g, were anesthetized by 
subcutaneous administration of urethane (1 g/kg) and a-chioralose (50 mg/kg), and the right jugular vein was cannu- 
lated for drug administration. The body temperature was kept constant by means of a heating pad maintained at 37^C. 
Through a midilne Incision of the abdomen, the urinary bladder was exposed and emptied of urine by the application 
of a slight manual pressure. A 20-gauge needle was Inserted through the apex of the bladder dome by 3-4 mm into its 
lumen. The needle had previously been connected to a pressure transducer and an Infusion pump by means of poly- 
ethylene tubing and the whole system filled with saline. After a 30-minute8 equilibration period at zero volume, saline 
was infused (2.8 ml/hr) until a coordinated sustained contraction, reflecting the peak Intravesical bladder pressure, 
occured. The bladder was then emptied manually and alk>wed to rest for five minutes. PvesP was defined as the 
difference between the maximum and resting bladder pressures. This procedure was repeated at least five times and 
the evaluation of a test compound was carried out In the animals in whbh a stable peak Intravesical bladder pressure 
was recorded. The drug potency (ID25) was determined after intravenous administration of the lest compound during 
the rest period. Five minutes after drug administration, the Infusion of saline was started to induce micturition contraction 
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and the peak Intravasteal bladder pressure was recorded. The depression P*^'^ 

exoressed as a percent of the control peak intravesfcal bladder pressure observed before administration of the test 
c^u^d. The iSrvalue. calculated Ey probn ana^s.s. was defined as the dmg dose that Inhibited the control peak 
Intravesical bladder pressure by 25 %. 

5 

5) Tests for intestinal propulsion in rats 

100801 Five- to seven-weeks-old male rats of the Sprague-Dawley strain were fasted overnight. A test compound 
SasadmLered Intravenously to the animals. Five minutes late, 1 mi per animal of a 5 % cha^al -"-P^ns J^^^ 
io TdmlnLered orally. Thirty minutes after admintetratlon of the cha«x>al meal, the rats were ^-'^""'^ff^^'V J^^^"^"^^^^ 
and the gastrointestinal tract was removed. The dtetance from the pylorus to the point of arnval o »he charcoal rn^l 
was measured and the transportation rate was calculated. The ID^^ value was calculated from the dose-response 
cuive using probitanaVsis and defined as the drug dose that inhibited intestinal propulsion in the control groupby 15 %. 

IS 6) Tests for bradycardia In rats 

100811 Eight- to eleven-weeks-oid male rats of the Sprague-Dawley strain, weighing 300-400 g, were ^^^'^^^ 
wrurelhane (750 mg/kg, l.p.) and a-chloralose (37.5 mgfl<g, i.p.). A bronchus was intubated and the "gW jugular 
Z innS!ted f^r Sug adminfetration. After spontaneous respiiaton was fully -P-^^^^^ ^^^^^^ 

20 mafl<a s c ) the heart rate was measured under artificial ventilation. To evoke bradycardia, acetyfchollne (50 jig/kg j. 
rf^i admiJstered to the animals. Mean values for the acetylchoiine-induced decrease in raj - ^J^^^^ 
Semlnmes before (control)andfWe minutes after test compound admlntetratlonwe^-^te^^^^^^ 
ewressed as percentages relative to the control response. The ID50 value was cateulated f rom the d<»e-response 
c^rof theTesl compound using probit analysis and defined as the dmg dose that Inhibited the acetylchollne-lnduced 

25 bradycardia In iha control group by 50 %. 
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[0082] As is evident from the results shown In Table 3 above, the compound of the present Invention exhibited a 
potent bronchodilatory action and was bronchoselective over othertissues in which the muscarinic receptors associated 
with the side effects (e.g., thirst, mydriasis, gastrointestinal disorders, urination disorders and bradycardia) possessed 
by conventional anticholinergic agents are present. In particular, the compound of the present invention exhibited less 
activity against bradycardic response In which the muscarinic receptors are Involved. In contrast, the control com- 
pounds (i.e.. atropine and Ipratropium) exhibited potent activities with respect to all of the six types of responses studied 
herein and their action was non-selective. 

[0083] As described above, the compounds of fonnula [I] In accordance with the present invention are very potent 
and highly M3 selective antagonists and can be used as safe drugs with a minimum of side effects. In particular, they 
may be orally or parenterally administered to patients for the treatment or prophylaxis of diseases of the respiratory 
system, such as asthma, chronic airway obstruction and fibroid lung; diseases of the urinary system accompanied by 
urination disorders such as pollakiuria, urinary urgency and urinary Incontinence; and diseases of the digestive system, 
such as Irritable colon and spasm or hyperanaklnesis of the digestive tract. 

[0084] More specifically, in spite of their powerful bronchodilatory activity, the compounds of the present invention 
exert no influence on other organs such as the brain and the heart. Accordingly, they are useful as therapeutic or 
prophylactic agents (e.g., bronchodilators) for various diseases of the respiratory system. 

[0085] In practically using the compounds of the present Invention for the treatment or prophylaxis of such diseases, 
they may be combined with pharmaceutlcally acceptable adjuvants in the usual manner to prepare pharmaceutical 
compositions suitable for administration. For this purpose, there can be used a variety of adjuvants which are commonly 
used in the field of pharmaceutics. Such adjuvants include, for example, gelatin, lactose, sucrose, titanium oxide, 
starch, crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylceilulose, corn starch, microcrystalline wax! 
white soft paraffin, magnesium alumlnate metaslllcate, anhydrous calcium phosphate, citric add, trisodlum citrate, 
hydroxypropylcellulose, sorbitol, sorbitan fatty acid ester, polysorbate, sucrose fatty acid ester, polyoxyethylene. hard- 
ened castor oil, polyvinyl pyn-olldone, magnesium stearate, light anhydrous silicic acid, talc, vegetable oil, benzyl al- 
cohol, acacia, propylene glycol, polyalkylene glycols, cyclodextrin and hydroxypropylcyclodextrin. 
[0086] The dosage forms of pharmaceutical compositions prepared by using these adjuvants include solid prepara- 
tions such as tablets, capsules, granules, powders and suppositories; liquid preparations such as syrups, elixirs and 
injections: and the like. These preparations may be made according to common techniques well-known in the field of 
pharmaceutics. Liquid preparations may be In a form which Is dissolved or suspended In water or other suitable medium 
prior to use. In particular, injections may be in the form of a solution or suspension in physiological saline or a glucose 
solution, or in powder form for reconstitution by dissolution or suspension in physiological saline or a glucose solution 
prior to use. If desired, such injections may contain buffer agents and/or preservatives. 

[0087] In these phamiaceutical compositions, a compound in accordance with the present Invention may be present 
In an amount of 1 .0 to 1 00% by weight, preferably 1 .0 to 60% by weight, based on the total weight of the composition. 
These pharmaceutical compositions may additionally contain other therapeutically effective compounds. 
[0088] When ttie compounds of the present Invention are used as bronchodilators, their dosage level and dosage 
schedule may vary according to the sex, age and body weight of the patient, the severity of symptoms, the type and 
range of the desired therapeutic effect, and the like. Generally, for oral administration , they are preferably administered 
In a dally dose of 0.1 to 100 mg/kg for adults and this dally dose may be given at a time or in several divided doses. 
For parenteral administration, they are preferably administered in a daily dose of 0.001 to 1 0 mg/kg for adults and this 
dally dose may be given at a time or In several divided doses. 

Structures of the compounds off Examples 

[0069] 
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EXAMPLES 

[0090] The present invention is nnore specificaily explained with the following examples. However, these examples 
are not to be construed to limit the scope of the present invention. 

Example 1 

Synthesis of N-[1 ■(4-methyl-3-pentenyl)-piperidin'4 yll'2-cyclobutyl-2'hydroxy"2-phenylacetamide 
Step 1. Synthesis of 2-cyclobutyl-2-hydroxy'2-phenvl acetic acid 

[0091] This compound was synthesized according to the method of S.B. Kadin et aL [J. Org. Chem. , Vol. 27, pp. 
240-245(1962)]. 

[0092] A solution of 6.24 g of cyclobutyl phenyl Icetone In 1 5 ml of dimethyl sulfoxide was added to a solution of 4.23 
9 of lithium acetylide-ethylene diamine complex in 50 ml of dimethyl sulfoxide at room temperature, and this mixture 
was stirred at room temperature for 4 hours. The reaction mixture was poured into ice water and extracted with diethyl 
ether. The organic layer was washed with water and a saturated aqueous solution of sodium chloride and then dried 
over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue 
was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 20/1 to 9/1} to obtain 
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6.19 g of 1-cyclobutyl-1-phenyl-2-propyn-1-ol. 

[0093] To a stirred solution of 6.1 9 g of the 1 -cyclobutyl-1 -phenyl-2-propyn-1 -ol thus obtained in 20 ml of water was 
added a solution of 15.04 g of potassium permanganate in 250 ml of water at a temperature of 0 to 5^0, followed by 
vigorous stirring for 2 hours. The precipitate formed by the addition of an aqueous sodium sulfite solution at room 
5 temperature was removed by filtration through celite, and the resulting filtrate was extracted with diethyl ether. The 
organic layer was washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous mag- 
nesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was recrystalllzed (from 
ethyl acetate / hexane) to obtain 1 .4 g of the title compound. 

10 Step 2. Synthesis of N-(1 >t-butQxvcarbonylpiperidln-4-vl)'2'CyclQbutyl-2-hydrQxv-2-phenvlacetamide 

[0094] 2.69 g of 2-cyciobutyl-2-hydroxy-2-phenylacetlc acid, 2. 1 7 g of 4-amlno-1 -t-butoxycarbonylplperldine, 2.09 g 
of 1 ,1'-carbonyldllmlda20l6 and 1.58 g of 4-dlmethylamlnopyrldlne were dissolved In 100 ml of N,N-dlmethylformamlde 
at room temperature, and this solution was stirred overnight. After the addition of water, the reaction mixture was 
^5 extracted with diethyl ether. The organic layer was washed with a saturated aqueous solution of sodium chloride and 
then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting 
residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 1 0/1 to 4/1 ) to 
obtain 2.18 g of the title compound. 

^ Step 3. Synthesis of N-(piperidtn«4-yO-2-cyclobutyl-2-hydrt)xy'2>phenyiacetamid6 hydrochloride 

[0095] 1 .0 g of N-(1 -t-butoxycarbonylpiperfdin-4-yl)-2*cyclobutyl-2-hydroxy*2-phenylacetamlde was dissolved In 25 
ml of a 4N hydrochloric acid solution in dioxane, and this solution was stirred at room temperature overnight. Then, 
the reaction mixture was evaporated to dryness under reduced pressure to obtain 0.83 g of the title compound. 

25 

Step 4. Synthesis of N-[1 -(4-methyl-3-pentenyl)-piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamlde 

[0096] 0.83 g of N-(piperidin-4-yl)-2-cyclobutyl-2-hydroxy-2-phenylacetamide hydrochloride, 0.42 g of 5-bromo- 
2-m6thyl-2-pentene, 42 mg of potassium iodide and 1.42 g of anhydrous potassium carbonate were suspended In 25 

30 ml of anhydrous N,N-dimethylformamide, and this suspension was stirred at lO^'C for 3 hours. The reaction mixture 
was cooledto room temperature, mixed with water, and then extracted with diethyl ether. The organic layer was washed 
with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the 
solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography 
(developing solvent hexane / ethy! acetate = 2/1 to 1/4) to obtain 449 mg of the title compound. 

35 IH-NMR (CDCI3, 6ppm): 1 .38-1 .56 (2H, m), 1 .62 {3H, s), 1 .69 (3H, s), 1 .74-2,22 (1 2H, m), 2.28-2.38 (2H. m), 

2.78-2.88 (2H, m), 3.32-3.42 (1H, m), 3.47 (1H, br s), 3.68-3.81 (1H. m). 5.03-5.12 (1H, m), 6.18 (1H, d. J=7.9H2), 
7.25-7.38 (3H, m). 7.48-7.52 (2H. m). 

Low Resolution FAB-MS (m/e, as (C23H24N2O2 + H)+): 371 

40 Example 2 

N-(1-Hexylpiperidin-4-yl)-2-cyclobutyl-2-hydroxy-2-phenylacetamide 

[0097] The tttle compound was prepared In the same manner as described in Step 4 of Example 1 using bromohex- 
45 ane. 

iH-NMR (CDCI3, 5ppm): 0.87 (3H, t. J=6.8Hz), 1.21-1.50 (8H, m), 1.55-2.12 (12H, m): 2.24-2.31 (2H. m), 
2.70-2.82 (2H. m), 3.26-3.60 (2H, m), 3.64-3.78 (1H, m). 6.11 (1 H, d, J=9.6Hz), 7.23-7.37 (3H, m), 7.46-7.61 (2H, m). 

Example 3 

so 

N-f1-r(Z)-3-Hexenvllplp6ridin^-Vl}-2-cvclobutvl-2-hvdroxv-2-phenvlacetamlde 

[0098] The title compound was prepared In the same manner as described in Step 4 of Example 1 using (Z)-3-hexenyl 

methanesulfonate. 

55 ^H-NMR (CDCI3, 5ppm): 0.95 (3H, t. J=7.5H2)= 1.32-1.51 (2H. m), 1.70-2.16 (12H. m). 2.16-2.27 {2H, m). 

2.30-2.39 (2H, m), 2.72-2.85 (2H, m), 3.30-3.60 (2H , m), 3.65-3.79 (1H, m), 5.28 (1H. dtt, J=10.7, 6.9, 1.3HZ), 5.42 
(1H, dtt, J=10.7, 7.1. 1.3Hz), 6.14 (1H. d, J=:7.8H2), 7.22-7.38 (3H, m), 7.45-7.51 (2H, m). 
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Example 4 

N-( 1 -f (E)-3'Hexenvl]plp&i1din-4'Vl}-2'CVClobutvl-2-hvdroxv>2'Phenvlacetafni<le 

[0099] The tttla compound was prepared In the same manner as described In Step 4 of Example 1 using (E)-3-hexenyl 
methanesutfonate. 

<H-NMR (CDCI3, 5ppm): 0.95 (3H. t, J=7.5Hz), 1.32-1.50 (2H, m), 1.60-2.21 (14H. m). 2.31-2.39 (2H. m), 
2.72-2.85 (2H, m), 3.30-3.49 (2H, m). 3.64-3.79 (1H, m), 5.34 (1H, dtt J=15.3.. 7.0. 1.3H2), 5.49 (1H, dtt, J=15.3, 6.2, 
1 .3Hz), 6.12 (IH. d= J=8.6Hz). 7.23-7.38 (3H, m), 7.47-7.51 {2H. m). 

Example 5 

N-f1-(6-Methvl-5-heptenvl)plperldln-4-vll-2-cvclQbutvl-2-hvdroxv-2H3henvlacetamlde 

[0100] The title compound was prepared In the same manner as described in Step 4 of Example 1 using 6-methyl- 
5-heptenyI methanesutfonate. 

^H-NMR {CDCI3, 5ppm): 1.25-1.37 (2H, m), 1.42-1.66 (4H, m), 1.58 (3H, s), 1.67 (3H, d, J=1.2Hz), 1.72-2.18 
(12H, m), 2.31-2.46 (2H, m). 2.79-2.91 (2H, m), 3.20-3.60 (2H. m). 3.66-3.80 (1H, m). 5.03-5.11 (IH. m). 6.18-6.28 
(1H. m). 7.22-7.36 (3H, m). 7.46-7.51 {2H. m). 

Example 6 

N-[1-(4-Methyl-3-pentenvl)p]peridin-4-yl]-2-cyctobutyl-2-(4-fluorophenyl)-2-hydroxvacetamlde 

[0101] The tiUe compound was prepared {n the same manner as described In Example 1 using cyclobutyl 4-nuor- 
ophenyl ketone. 

iH-IViMH (CDCI3, dppm): 1.37-1,55 (2H, m), 1.61 (3H. s), 1.68 (3H, s), 1.72-1.97 (7H, m), 2.00-2.21 (5H, m), 
2.31-2.36 (2H. m), 2.78-2.99 (2H. m), 3.20-3.50 (2H, m), 3.63-3.79 {IH, m), 5.01-5.09 (1H. m). 6.22 (IH, d. J=B.2H2). 
6.97-7.05 (2H, m). 7.44-7.51 (2H, m). 

Low Resolution FAB-MS (m/e. as (CagHaaFNgOg + H)+): 389 

Example 7 

N-f1-(5-Methvl-4-hexenvl)pip8r!din-4-vll-2-cvdQbutvl-2-hydnoxy-2-phenylacetamidQ 

[0102] The title compound was prepared in the same manner as described in Step 4 of Example 1 using 5-methyl- 
4-hexenyl methanesutfonate. 

iH-NMR (CDCI3, 5ppm): 1.37-1.66 (4H. m), 1.58 (3H. s). 1.68-2.11 (15H, m), 2.26-2.34 {2H, m), 2.72-2.84 (2H, 
m), 3.30-3.55 (2H, m), 3.62-3.80 (1 H, m), 5.05-5. 1 2 (1 H, m), 6.14 (1 H, d, J=7.8Hz), 7.24-7.37 (3H. m), 7.46-7.52 (2H, m). 

Example 8 

N-[1-(4-Methylpentyl)p]peridin-4-yll-2-cyclobutyi-2-hydroxy-2-phenylacetamide 

[0103] The title compound was prepared in the same manner as described In Step 4 of Example 1 using 1-bromo- 
4-7r»srhyIpantsne. 

^H-mn (CDCI3, 5ppm): 0.87 (6H, d, J=6.6Hz), 1.10-1.20 (2H, m), 1.34-1.60 (SH. m), 1.70-2.15 (iOH, m). 
2.24-2.33 (2H, m), 2.72-2.86 (2H, m). 3.30-3.60 (2H, m). 3.65-3.79 (IH, m). 6.13 (1H, d, J=8.1H2), 7.22-7.38 (3H, m). 
7.46-7.52 (2H, m). 

Example 9 

N-[1-(4-Methyl-2-pentynyl)piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamide 

[0104] The title conrtpound was prepared in the same manner as described in Step 4 of Example 1 using 1-bromo- 
4-mslhyl-2-p6ntyne. 

^H-NMR (CDCI3, 5ppm): 1 . 1 5 (6H. d, J=6.9H2). 1 .30-1 .55 (2H, m), 1 .65-2.1 5 (8H, m). 2.15-2.35(2H, m), 2.45-2.65 
(1 H, m), 2.68-2.85 (2H. m), 3.21 (2H, d. J=3.0Hz). 3.25-3.55 (2H, m). 3.60-3.80 (1 H, m), 6. 1 8 (1 H, d. J=8.3Hz), 7.20-7.40 
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(3H, m), 7.45-7.53 (2H, m). 
Example 10 

NH[1-(5-M9thyl-3-hexvnvnpip6rtdin-4-vl]>2<yclQbuTvr-2-hvdrox^^^^ 

[0105] The title compound was prepared in the same manner as described in Step 4 of Example 1 using 1-bromo- 
5-m9thyl-3-hdxynd. " 

^H-NMR (CDCI3, 5ppm): 1 . 1 2 (6H, d, J-6.9H2). 1 .25-1 .50 (2H. m). 1 .66-2.05 (8H, m). 2.05-2.23 (2H m) 2 24-2 35 
(3^ m)' 7 44^7 53 (2H m) ^'^^"^'^ ^'^^'^'^^ ""^^ ^.eO-S.BO (1H, m), 6.12 (1H. d, J=7.eH2);7;20.7;40 

Example 11 

N-f1-(4-M9thyl-3.pentenvl) piperidln-4-vll-2-cvclQhexvl-2-hydroxv-2-phQnvlacetamide 

10106] The title compound was prepared In the same manner as described in Steps 2 to 4 of Examole 1 usina 
2-cycIohexyl-2-hydroxy-2-phenylacetjc acid. ^ 

JH-NMR (CDCIa, 6ppm): 0.80-0.95 (IH. m), 1.09-1.39 (6H, m), 1.45-1,98 (7H, m), 1.61 (3H, s), 1.68 (3H s) 
2 06-2.23 (4H. m). 2.31 -2.45 m). 2.75 (1 H, s), 2.80-2.92 (2H. m), 3.65-3.80 (IH. m), 5.01-5.09 (IH m), 6.55.6.59 
(1H, m). 7.23-7.38 (3H, m), 7.57-7.61 (2H, m). 

Low Resolution FA8-MS (m/e, as (C25H33N2O2 + H)+): 399 

Example 12 

N-{1-[(4S)-4-Methvihexyi)p iperidin-4-vl)>2-cyclohexvl-2-hydroxv-2-phenyiacetamide 

[0107] The tftie compound was prepared in the same manner as described in Example 11 using (4S)-4-methvlhexvl 
methanesulfonate. ^\ ^ / / 

IH-NMR (CDCI3. 5ppm): 0.84 (3H, t. J=7.2Hz), 0.84 (3H. d. J=6.3H2), 1.0M.18 (3H, m), 1.18-1.38 (7H m) 

i^\'l^il";Ti\o!^"^ '^^ ^ -^^'^ ^ '^^-^ '^^ ^' 2.03-2.37 (2H, m), 2.28-2.45 {3H. m), 2.75 

IH. s) 2.80-2.92 (2H. m), 3.66-3.79 (IH. m), 6.58 (IH. d. J=8.3Hz), 7.23-7.28 (IH. m). 7.31-7.37 (2H. m), 7.57-7.61 
(2H, m). 

Low Resolution FAB-MS (m/e. as (C26H24N2O2 + H)+): 415 
Example 13 

N-[1-(4,5-Dimethvl-4-hexen yOpiperidin-4-vil-2-cyclobutvl-2-hydroxv-2-phenvlacetamtde 

[01 08] The title compound was prepared in the same m anner as described in Step 4 of Example 1 using 4 6-dimethvl- 
4.h6xenyl methanesulfonate. k y uimcuiyi 

^H-NMR (CDCI3, 5ppm): 1 .30-1 .45 (2H, m), 1 .46-1 .58 (2H, m). 1 .62 (9H. s). 1 .70-2.15 (12H. m), 2.22-2 30 (2H 

Ti'™ ""^^ ^'^^'^ ^^ "^'^ ^'^ ^'^^'^-^^ 6.14 (IH, d, J=8.3Hz). 7.25-7.38 (3H. m)' 

7.47-7.53 (2H, m). \ » /• 

Example 14 

N-[1-(4-l\4ethyl-3.pentenvl)pt peridin-4-vn-2-cycloprDpvN2-hydroxv-2-phenvlacetamlde 

[0109] The title compound was prepared in the same manner as described In Steps 2 to 4 of Example 1 usinq 
2-cyclopropyl-2-hydroxy-2-phenylac6tlc add. 

tH-NMR (CDCig. 5ppm): 0.47-0.67 (4H. m). 1.38-1.59 (3H, m). 1.61 (3H, s). 1.69 (3H. s). 1 .85-1 97 (2H m) 

7 27-7 39 Ish' mj' 7 57 7 S (IS m/ ^'^^'^'^^ ^'^^"^'^^ ^'^^'^'^^ ""^^ ^'^^ 

Low Resolution FAB-MS (m/e. as (C22H32N2O2 + H)+): 357 
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Example 15 

N-{14(4S)-4-Methvlhexvllplper1dln-4-vl)-2-cvclQpropvl-2'hvdroxv-2-phenvlaceTam 



5 [01 1 0] The title compound was prepared in the same manner as described In Example 1 4 using (4S)-4-methylhexyi 
methanesulfonate. 

^H-NMR (CDCI3, 5ppm): 0.48-0.68 (4H, m). 0.B5 (3H, J=7.2Hz). 0.85 (3H, d, J=6.3Hz), 1.01-1.18 (2H, m), 
1.21-1.38 (2H, m), 1.40-1.75 (4H, m), 1.57 (1H. ddd, J=5.5, 8.1, 13.5H2), 1.85-1.98 (2H, m), 2.06-2.18 (2H, m), 2.32 
(2H, t, J-7.6HZ), 2.77-2.90 (2H, m), 3.28-3.40 (1H, br s), 3.72-3.87 {2H. m), 6.04 (1H, d, J=6.9Hz). 7.26-7.40 (3H. m), 
10 7.58-7.63 (2H, m). 

Low Resolution FAB-MS (m/e. as (CagHagNaOg + H)+): 373 

Example 16 

15 N-f1»(4-Methvl-3-pentenyl)plperldln>4-vn-2-cvclopentvl-2-hvdrQxv-2-phenvlacetam1de 

[0111] The title compound was prepared in the same manner as described in Steps 2 to 4 ot Example 1 using 
2-cyGlopentyl-2-hydroxy-2-phenylacetic acid. 

^H-NMR (CDCI3, 6ppm): 1.12-1.28 (1H, m), 1.32-1.90 (11H. m), 1.60 (3H. s), 1.68 (3H, s), 2.03-2.19 (4H, m), 
20 2.26-2.32 (2H, m). 2.72-2.82 (2H. m), 2.95-3.09 (1H, m), 3.14 (1H. s). 3.62-3.77 (1H, m), 5.O4-6.10 (1H, m), 6.31 (1H, 
d, J=7.9Hz), 7.23-7.38 {3H. m), 7.67-7.61 (2h\ m). 

Low Resolution FAB-MS (m/e, as (C24H36N2O2 -1- H)+): 385 

Example 17 

25 

N-{1-[(4S)-4-Methvlhexyl)piperidin-4-yl}-2-cyclDpentyl-2-hydroxy-2-phenylacetamide 

[01 1 2] The title compound was prepared in the same manner as described in Example 1 6 using (4S)-4-methylhexyi 

methanesulfonate. 

30 IH-NMR (CDCI3, Sppm): 0.84 (3H. d, J=6,4H2). 0.86 {3H. t. J=7.2H2), 1.00-1.74 (17H, m), 1.78-1.91 (2H. m). 

2.02-2.34 (2H. m). 2.30 (2H, t, J=7.6Hz). 2.73-2.87 (2H. m), 2.98-3.10 (1H, m). 3.10 (1H, s), 3.65-3.79 (1H, m), 6.33 
(1H. d, J=8.6Hz), 7.23-7.30 (IH. m), 7.31-7.37 (2H, m). 7.57-7.62 (2H, m). 
Low Resolution FAB-MS [m/e, as (C25H40N2O2 -1- H)+): 401 

35 Example 18 

(2R)-N-ri -(4-MBthyi-3-pentenvi)pipBridin-4-yl]-2-(1 -cyclopenten-l •yi)-2-hvdroxv-2-phenvlacetamld6 
Step 1 . Synthesis of (2R)-2-(1 -cyclopenten-l •yl)-2-hvdroxy-2-phenytacBtic acid 

40 

Step 1 -1 . Synthesis of (2S,5S)-2-(t-butyi)-5-(1-hydrQxycyclopentan-1 -yl)-5-phenyi-1 ;3-dloxQlan-4-one 

[0113] 1.3 mi of a 1.5M lithium diisopropylamide soiution in hexane was added dropwise at -78'>C to a solution of 
379 mg of (2S,5S)-2-(t-butyl)-5-phenyl-1,3-dioxolan-4-one, which had been synthesized according to the method of 

45 D. Seebach et al. (Tetrahedron, Vol. 40, pp. 1313-1324 (1984), in 15 mi of tetrahydrofuran, and this mixture was stirred 
for 45 minutes. After the addition of 0.25 ml of cyclopentanone, the resulting mixture was warmed to room temperature 
over a period of 2.5 hours. The reaction mixture was poured into a saturated aqueous solution of ammonium chloride 
and extracted with diethyl ether. The organlcMayer was washed with water and a saturated aqueous solution of sodium 
chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, 

50 the resulting residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate =^ 
An ) to obtain 1 26 mg of the title compound. 

Step 1-2. Synthesis of (2S,5S)-2-(t-butyl)-5-(1 -cyclopenten-l -yi)-5-phenyl->1 ,3-dioxoian-4-one 

55 [01 14] 126 mg of (2S,5S)-2-(t-butyl)-5-(1 -hydroxycyc!opentan-1 -yl)-5-phenyl-1 ,3-dioxolan-4-one was dissolved in 8 
ml of pyridine, and 2 ml of thionyl chloride was added dropwise thereto at 0**C. After being stin-ed at room temperature 
for 1 4 hours, the reaction mixture was poured into ice water and extracted with diethyl ether. The organic layer was 
washed with water and a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium 
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sulfate. After the solvgnt was distilled off under reduced pressure, the resulting residue was purified by preparative 
thin-layer chromatography [Kieselger** 6OF254, Art 5744 (manufactured by E. Merck): developing solvent: hexane / 
ethyl acetate = 1 9/1 J to obtain 99 mg of the title compound. 

Step 1 -3, Synthesis of (2R)-2-(1-cvclopent6n'1-yi)>2-hydroxy-2-ph6nyiacetlc acid 

[0115] 96 mg of (2S.5S)-2-{t-butyl)-5-(1-cyclopenlen-1-yl)-5-phenyl-1.3-dioxo!an-4-one was dissolved in 4 ml of 
methanol, and 2 ml of a 1 N aqueous solution of sodium hydroxide was added thereto. This mixture was stirred at room 
temperature for 4 hours. After the methanol was distilled off under reduced pressure, the resulting residue was washed 
with diethyl ether, acidified with 1 N hydrochloric acid, and then extracted with chlorofonn. The organic layer was washed 
with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. Thereafter, 
the solvent was distilled off under reduced pressure to obtain 70 mg of the title compound. 

Step 2. Synthesis of (2R>N-[1 '(4-methvl-3-pentenyl)-piperldin-4-vl1-2-(1 -cyclopenten-l -vlV2-hvdroxy' 
2-phenvlacetamide 

[011 6] The title compound was synthesized In the same manner as described In Steps 2 to 4 of Example 1 using 
(2R)-2-(1 -cyciopenten-1 -yl)-2-hydroxy-2phenylacetic acid. 

^H-NMR (CDCI3, 6ppm): 1.35-2.48 (16H. m), 1.61 (3H, s). 1.69 (3H. s). 2.70-2.90 (2H, m). 3.70-3.92 (2H. m), 
5.00-5.12 (1H, m), 5.62-5.70 (1H. m), 5.98-6.11 {1H, m). 7.27-7.40 (3H, m), 7.42-7.52 (2H. m). 

Low Resolution FAB-MS (m/e, as (C24H34N2O2 + H)+): 383 

Reference Example 1 9 

Synthesis of [1-(4-methvl>3-pentenvi)piperidin-4-yl] 2-cvclQbutvl-2>hvdroxv-2-phenvlacetate 

Step 1 . Synthesis of (l-t-butQxvcarbonvlpiperldln-4-vl) 2-cvclobutvl-2-hvdroxv-2-phenvlacetate 

[0117] 4.48 g of the 2-cyclobutyl-2-hydroxy-2-phenylacetic acid obtained In Step 1 of Example 1 and 3.41 gof 1.1'- 
carbonyldiimldazole were dissolved in 100 ml of N,N-dimelhyiformamide. and this solution was stirred at room tem- 
perature for an hour. After this solution was cooled to 0**C, 3.60 g of 4-hydroxy-1 -t-buloxycarbonylpiperldine and 0.36 
g of sodium hydride were added thereto, and the resulting mixture was stirred at room temperature for 4 hours. After 
the addition of water, the reaction mixture was extracted with diethyl ether. The organic layer was washed with a 
saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent 
was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (de- 
veloping solvent: hexane / ethyl acetate = 1 0/1 to 4/1 ) to obtain 5.39 g off the title compound. 

Step 2. Synthesis of (plpertdln-4-yl) 2-cyclobutyl-2-hvdroxy-2-phenylacetate hydrochloride 

[01 18] A 1 0% methanolic solution of hydrochloric acid was added to a solution of 2.68 g of (1 -t-butoxycarbonylpipe- 
ridln-4-yl)-2-cyciobutyl-2-hydroxy-2-phenylacetate in 50 ml of methanol, and this mixture was stirred at room temper- 
ature for 10 hours. The solvent was distilled off under reduced pressure to obtain 2.24 g of the title compound. 

Step 3. Synthesis of [1-(4-methvl-3-pentenvl)-plperidln-4-vl] 2-cvclobutvl-2-hvdroxv-2-ph6nviacetate 

[01 19] 50 mg of (piperldln-4-yi) 2-cyclobutyl-2-hydroxy-2-phenylac6tflte hydrochloride, 25 mg of 5-b,''QmQ-2-.methyl- 
2-pentene, 25 mg of potassium iodide and 47 mg of anhydrous potassium carbonate were suspended in 5 ml of an- 
hydrous N,N-dlmethylf ormamlde, and this suspension was stinted at 70*'C for 3 hours. The reaction mixture was cooled 
to room temperature, mixed with water, and then extracted with diethyl ether. The organic layer was washed with a 
saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent 
was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (de- 
veloping solvent: chloroform / methanol ^ 20/1) to obtain 36 mg of the title compound. 

^H-NMR (CDCI3, 5ppm): 1 .58-2.22 (1 9H, m), 2.23-2.66 (4H. m), 2.59-2.69 (1 H. m), 3.27-3.38 (1 H. m). 3.82-3.87 
{1H, brs). 4.80-4.90 (1H, m). 6.06-5.13 (1H, m), 7.21-7.37 (3H. m). 7.56-7.61 (2H. m). 

Low Resolution FAB-MS (m/e. as (C23H33NO3 + H)-^): 372 
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Reference Example 20 

[(4'M6thyIpentyl)piperidln-4>vl1>2-cyclobutyl'2-hydroxv-2-phenvlacetate 

5 [01 20] The title compound was prepared in the same manner as described In Step 3 of Example 1 9 using 1 -bromo- 
4-methylpentane. 

'H-NMR (CDCI3. 5ppm): 0.8B (6H, d, J=6.6Hz). 1.12-1.20 (2H, m), 1.41-2.15 (13H, m). 2.20-2.6B (6H. m). 
3.26-3.38 (1H, m), 3.84 (1H, s), 4.80-4.90 (1H. m), 7.21-7.37 (3H, m), 7.56-7.62 (2H, m). 
Low Resolution FAB-MS (m/e, as (C23H35NO3 + H)+): 374 

10 

Reference Example 21 

[1-(1-Cvclohexvlethvl)plperldin-4-vn-2-cvclobutyl-2-hvdrQxy-2-ph6nylacetate 

IS [0121] The title compound was prepared In the same manner as described in Step 3 of Example 19 using 1-cy- 
clohexylethyl methanesulfonate. 

iH-NMR (CDCI3 , 5ppm): 0.78-0.95 (5H, m), 1.10-1.36 (4H. m). 1.50-2.76 {20H. m). 3.25-3.39 (1H, m), 3.85 (1H, 
s), 4.75-4.86 (1H. m). 7.21-7.37 (3H, m). 7.55-7.61 (2H, m). 

Low Resolution FAB-iWS (m/e, as (CgsHayNOj + H)^): 400 

20 

Example 22 

(2R)-N-<1-[{4S)-4-Methylhexyl]piperidin-4-yl)-2-cyclobutyl-2-hydroxy-2-phenylacetamide hydrochloride 

25 Step 1. Optical resolution of 2-cyclobutvi-2-hydroxv-2-phenyiacBtlc acid 

[0122] In the light of the method of Canter et al. (J. iVIed. Chem., Vol. 34, pp. 3065-3074), optical isomers of 2-cy- 
clobutyi-2-hydroxy-2-phenylacetic acid were obtained in the following manner. 

[0123] 4 g of 2-cyclobutyl-2-hydroxy-2-phenylacetic acid and 2.35 g of R-(+)-methyibenzylamine were dissolved in 
30 60 ml of anhydrous toluene by the application of heat, and this solution was allowed to stand at room temperature for 
24 hours. The white needle-iilce crystals which separated out were dissolved again in 100 ml of toluene, and this solution 
was allowed to stand for 24 hours. The foregoing procedure was repeated five times to obtain 0.37 g of the R-(4-)- 
methylbenzylamine salt of the title compound. This was dissolved in a mixture of diethyl ether and 1N hydrochloric 
acid. The organic layer was washed with water and a saturated aqueous solution of sodium chloride and then dried 
35 over anhydrous magnesium sulfate. Thereafter, the solvent was distilled off under reduced pressure to obtain 0.22 g 
of (2R)-2-cyciobutyl-2-hydroxy-2-ph6nyiacetlc acid. 

[a]^ = +11.03" (C = 3.10, EtOH) 
[0124] With respect to the (2S)-isomer which is the antipode thereof, the same procedure was repeated using (S) 
-(-)-m6thvlbenzylamine. Thus, there was obtained 0.13 g off (2S)-2-cyclobutyi-2-hydroxy-2-phenylacetic acid. 
40 [a]^ = .14.5<> (C= 6.15, MeOH) 

Step 2. Synthesis of 4-t-butoxycarbonylamino-1-[(4S)-4-methylhexyl]piperidine 

[0125] 315 mg of (4S)-4-methylhexyl methanesulfonate, 320 mg of 4-t-butoxycarbonylaminoplperidlne, 280 mg of 
^5 anhydrous potassium carbonate and 266 mg (1 .6 mmoi) of potassium iodide were suspended in 1 0 ml of N.N-dimeth- 
ylfonnamide, and this suspension was stirred at 70°Cfor3 hours. The reaction mixture was cooled to room temperature, 
mixed with water, and then extracted with di ethyl ether. The organi c layer was washed wi th a saturated aqueous 
solution of sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
so I ethyl acetate = 1/1) to obtain 328 mg of the title compound. 

Step 3. Synthesis of 4-am!no-1-[(4S)-4-methylhexyl]-piperidine dihydrochloride 

[0128] 2 ml of a 1 0 % methanolic hydrochloric acid solution was added to a solution of 320 mg (1 .1 mmo!) of 4-t- 
55 butoxycarbonylamino-1-[(4S)-4-methyIhexyi]piperidlne in 6 ml of methanol. After thi s mixture was sti n-ed at room 
temperature for an hour, the solvent was distilled off under reduced pressure to obtain 296 mg (quantitative yield) of 
the title compound. 
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Step 4. Synthesis of (2R)-N-{1 -[(4S)-4-methyhexyll-plperidln-4'yl]-2-cyclQbiJtvl-2-hvdroxy-2'Phenvlacetamid 

[0127] 60 mg of (2R)-2-cycIobutyt-2-hydroxy-2-phenylacetic add and 47 mg of 1,V-carbonyldiimlda20le were dis- 
solved in 3 ml of anfiydrous N,N-dimethyiformamide, and this mixture was stirred at room temperature for 2 hours. 95 

5 mg of 4-amlno-1-{(4S)-4-mGthylhexyl]plp6ridinG dihydrochlorlde and 86 mg of 4-dlmethylamlnopyrldIne were added 
thereto, the resulting mixture was stirred at room temperature overnight. The reaction mixture was mixed with water 
and then extracted with diethyl ether. The organic layer was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the 
resulting residue was purified by preparative thin layer chromatography [Kieselgef^ 6OF254' Art 5744 (manufactured 

10 by E. Merck); developing solvent; chloroform / methanol = 9/1] to obtain 87 mg of the title compound 

Step 5. Synthesis of (2R)'N-{1 -[(4S)-4-methylhexyl]-ptper{din-4'yl}'2-cyclobutyl>2'hydroxy-2-phenylacetamide 
hydrochloride 

« [0128] 67 mg of (2R)-N-{1-{(4S)-4-methylhexyl]-plperidln-4-yl}-2-cyclobutyl-2-hydroxy-2-phenylacetam[de was dis- 
solved in a 4N hydrochloric acid solution in dioxane, and this solution was stirred at room temperature for 1 0 minutes. 
After the solvent was distilled off under reduced pressure, the resulting solid was recrystalilzed from chlorofomi - diethyl 
ether to obtain 50 mg of the title compound. 

^H-NMR (CD3OD. 5ppm): 0.90 (3H, I J=7.3Hz). 0.91 (3H, d, J=6.2Hz), 1.10-1.27 {2H, m), 1.30-1.46 (3H. m). 

20 1.62-2.29 (12H. m), 2.93-3.13 (4H, m), 3.40-3.70 {3H, m), 3.80-3.95 (1H, m), 7.19-7.33 (3H, m), 7.48-7.64 {2H, m). 

Reference Example 23 

Synthesis of [1 -(3-cyclopentylidenepropyl)-plperidln-4-yll-2-cyclobutyl-2-hydroxy-2-phenylacetate 

25 

[0129] According to the method of A. Chesnyl et al. [Synthetic Communications, Vol. 20, pp. 3167-3180 (1990)], 60 
mg of the 2-cyclobutyl-2-hydnoxy-2-phenylacetic acid obtained In Step 1 of Example 1 and a catalytic amount of DBU 
were dissolved in 2 ml of tetrahydrof uran, and 1 5 m^I of acrolein was added thereto at - 1 5^0, followed by stimng for 20 
minutes. The resulting solution was added at 0**C to an yllde compound prepared from 156 mg of cyclopentyltrfphe* 

30 nylphosphonium iodide and 200 jil of n-butyl lithium (as a 1 .69M hexane solution), and this mixture was stirred at 0*C 
for 30 minutes and then at room temperature for 4 hours. After the addition of 20 ml of water, the reaction mixture was 
extracted with ethyl acetate (30 ml x 3). The organic layer was washed wl th a saturated aqueous solution of sodium 
chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, 
the resulting residue was purified by thin-layer chromatography [Kieselge^'^* ^0^254> ^^^^ (manufactured by E. 

55 Merck); developing solvent: hexane/ethyl acetate = 1/2] to obtain 2.0 mg of the title compound. 

^H-NMR (CDCI3. 6ppm): 1.55-2.41 (24H, m), 2.43-2.55 (1H, m), 2.59-2.70 (1H, m), 3.26-3.39 (1H,m), 3.84 (1H. 
s), 4.80-4.89 (1H. m), 5.17-5.25 (1H, m), 7.22-7.37 (3H, m), 7.66-7.61 (2H, m). 
Low Resolution FAB-MS (m/e, as (C25H35NO3 -i- H)^): 398 

<o Example 24 

Synthesis of N-[(E)-1-(4-methyl-4-hexenyl)-piperidin-4-yO-2-cyclobuty[-2-hydroxy-2-phenylacetamide and N-[(Z)- 
1-(4-methyl-4-hexenyD-p1peridin-4-yl]'2-cyclobutyl-2-hydroxy-2-phenylacetamide 

45 Step 1 . Synthesis of N-[1 -(4-oxopentyl)piperidin-4'yl]-2-cyclobutyl-2'hydroxy-2-phenylacetamide ethylene ketal 

[0130] 98 mg of the N-(piperidin-4-yl)-2-cyclobulyl-2-hydroxy-2-phenylacetamide hydrochloride obtained in Step 3 
of Example 1 , 50 of 2-(3-chloropropyl}-2-methyl-1 ,3-dioxolan, 50 mg of anhydrous potassium carbonate and 1 0 mg 
of potassium iodide were suspended in 3 ml of anhydrous N,N-dimethylfonTtamlde, and this suspension was stirred at 
50 60^C for 3 hours. After the reaction mixture was cooled to room temperature, the solvent was distilled off under reduced 

pressure. The resulting residue was mixed with water and then extracted with chloroform. The organic! ay er was washed 
with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the 
solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography 
(developing solvent: chlorofomi to chloroform / methanol ^ 10/1) to obtain 91 mg of the title compound. 

55 

Step 2. Synthesis of N-f 1 -(4>oxopentvDplper1dln-4-yn"2-cyclobutyl-2-hydrQxy-2-phenvlacetamlde 

[0131] 86 mg of N-[1-(4-oxopentyl)plperidIn-4-yl]-2-cyctobutyl-2-hydroxy-2-phenylacetamlde ethylene ketal was dis- 
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solved In 2 ml of tatrahydrof uran, and 2 ml ot 1 N hydrochloric acid was addod thereto. After this mixture was stirred at 
room temperature for an hour, the tetrahydrofuran was distilled off under reduced pressure. The resulting residue was 
dissolved In a mixture of chlorDtorm and an aqueous solution of sodium hydrogen carbonate. The organic layer was 
washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. 
5 Thereafter, the solvent was distilled off under reduced pressure to obtain 68 mg of the title compound. 

Step 3. Synthesis of N^1>(E)-(4-methyl'4-hexe^yO-piperidi^-4-yl]'2'Cyclobutyl-2-hydroxy-2>phenylacetamide and 
N-f1-(Z)-(4-methvi'4'hex6nvl)p!perldin-4-vn-2-cvclobutvl-2'hvdroxv-2-phenvlacetamlde 

10 [0132] 62 mg ot N-|1-(4-oxopentyl)plperidln-4-yl]-2-cyc!obuty!-2-hydroxy-2-phonylac6tamIde was added at 0®C to 
an ylide compound prepared from 124 mg of ethyltriphenylphosphonium bromide and 200 ^1 of n-butyl lithium (as a 
1 .62M hexane solution), and this mixture was stirred at 0°C for 30 minutes and then at room temperature for 4 hours. 
After the solvent was distilled off under reduced pressure, the resulting residue was mixed with 20 ml of water and 
then extracted with chloroform (30 ml x 3). The organic layer was washed with a saturated aqueous solution of sodium 

IS chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, 
the resulting residue was purified by preparative thin-layer chromatography [Kieselger^ 6OF254, Art 5744 (manufac- 
tured by E. Merck); developing solvent; chloroform to chloroform / methanol = 10/1) to obtain 18.0 mg of N-[1-(Z) 
-(4-methyl-4-hexenyi)piperidin-4-yll-2-cyclobutyl-2-hydroxy-2-phenylacetamide and 9.0 mg of N-[1-(E)-{4-methyl- 

4- hexenyl)piperldin-4-ylJ-2-cyclobutyl-2-hydroxy-2-phenylacetamide. 

20 NMR spectrum of N-[1 -(Z)-(4-methyl-4-hexenyl)-piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylscatamtde. 

IH-NMR (CDCI3. 5ppm): 1 .35-2.17 (22H. m). 2.27-2.36 {2H. m). 2.75-2.90 (2H. m). 3.20-3.60 (2H, m). 3.66-3.80 
(1H, m), 5.21 (1H. q, J=6.8Hz), 6.18 (1H, d, J=7.5H2), 7.24-7.38 (3H, m), 7.46-7.52 (2H. m). 

NMR spectrum of N-[1 -(E)-(4-methy!-4-hexenyl)-piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamlde. 

^H-NMR (CDCI3, 5ppm): 1 .45-2.22 (22H, m), 2.33-2.41 {2H, m), 2.85-2.98 (2H. m). 3.30-3.60 {2H, m), 3.70-3.85 
25 (iH, m), 5.17-5.26 (1H, m), 6.25 (1H, d, J=7.6H2), 7.27-7.41 (3H, m), 7.47-7.58 (2H, m). 

Example 25 

(2R)-N-[1-(4-Methyl-3-pentenyl)plperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-ph6nylacetamidB fumarate 

30 

Step 1 . Synthesis of 4-amlno-1-(4-methyl-3-pentenyl)-piperidine dihydrochloride 

[0133] The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 22 using 

5- bromo-2-methyl-2-pentene. 

35 

Step 2. Synthesis of (2 R)-N-[1-(4-methyl-3-pentenyl)-piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamlde 

[0134] The title compound was prepared in the same manner as described in step 4 of Example 22 using 4-amino- 
1 -(4-methyl-3-pentenyl)plperidlne dihydrochloride. 

40 

Step 3. Synthesis of (2R)-N-[1-(4-methyl-3-pentenyl)-piperidln-4-yl]-2-cyciobutyl-2-hydroxy-2-phenylacetam!de 
fumarate 

[0135] 42 mg of (2R)-N-[1 -(4-methyl-3-pentenyl)-plperidln-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamlde was dls- 
45 solved in ethanoi. and 13.2 mg of fumaric acid was added thereto. Recrystallization from hexane /ether gave 48 mg 
of the title compound. 

^H-NMR (CD3 OD, 5ppm): 1 .67 (3H, s), 1 .72 {3H. s), 1.74-2.20 (10H. m), 2,35-2.46 (2H, m), 2.90-3.05 (4H, m). 
3.39-3.55 (3H. m), 3.79-3.92 (1H, m), 5.03-5.12 (1H, m), 6.69 (2H, S), 7.19-7.34 (3H, m), 7.49-7.54 (2H, m). 

SO Example 26 

Synthesis of N-{1 -{(4S)-4-methylhexyllpiperidin-4-yl}-2-cyciobutyi-2-hydroxy-2-phenylacetamlde 

[0136] The title compound was prepared In the same manner as described in Step 4 of Example 1 using (4S)- 
55 4-methylhexyl sulfonate. 

^H-NMR (CDCI3, 8ppm): 0.84 (3H. d, J=6.4Hz), 0.85 (3H, t, J=7.2Hz). 1.00-1.57 (10H. m), 1.70-2.15 (11H, m), 
2.27 (2H, t, J=7.8H2), 2.71 -2.84 (2H. m). 3.30-3.53 (2H, m). 3.66-3.79 (1 H, m). 6.12 (1 H, d. J=7.9Hz), 7.23-7.38 (SH, m). 

Low Resolution FAB-MS (m/e, as (C^^Hg^NgOg + H)+): 387 



39 



EP 0 823 423 B1 

Example 27 



synthesis Of N.f1.(4-memv,.3■pent.^v,)plp.r1..n.4■v,^2^^^ 
^'^P ^- Synthesis of 2-cyclopentvl-2-hYdrfty y.2.phenvlaeatle anirt 

temperature for 30 minutes Afer hfadSon o?" "^t f ? ^ * ^"'^ '"'^ '"^ 
mixture was extracted wretC<i,atf ?roraanlc^^^^^^^^ °' "^""""'"^ ^«««=«<'" 

chloride and then dried over anhyrous hiZ^suI^^^^^ aLTh k.""^ ' '^'""^'"^ '"""""^ °' ^"^'"""^ 

the resumng residue was purlfiX sTSSZ^^^^^ 
11 g of othyl 2^clopentylSXwShe^^^^^^ 

aqueous solutioTof aodi^hySe wSS tlrew f"""'' '° °' ^""^ ^0 ml of a 4N 

temperaturefor 2 hours and then aTso'C L^^^^^^^ ««« the same 

aqueous layer was made weakly acWic wfth 4N hll^M "^f off under reduced pressure, the 
waswashoLlthasatuLC^rsoi^^^^^^^^ 

the solvent was distilled off under reduced orisunhTrf cu^L , J . ^' anhydrous sodium sulfate. After 

to obtain BJgof the tide comp^nd ' "^"^""''^^ 

Syrthesis of N-fpiperidln-4-vn-2.cvclon.n. y|.2.hvdroxv-2-ohpnY i„.».o^i^, 
[0138J The hydrochloride of the title compound was oreoared in H,««am»™„ 

01>tali»<l In Ex Jpr. ,8, l™^*"""'*- «• NMR and MS >pm,. ««ldentteJi«,llK«eo,(heoo„^„j 

Example 28 

(2R^N-[1-(4.Methyl-3.pentenyl)plperidln.4.vl1.2.cydo^^^^^^^ 

^- Synthesis of (2R)-2-cvcloDentvl-2-hYdroxv-2-DhenvlacgK,. «riH 
^-l- Optical resolution of 2-cvcloppn» Y|.2.hvdroxv-2-p hPnYi;.r.n<- 

'^'^ZZlt.^'^ioT.T'lt^^^^^^ ^'^P ^ ^-P'« and 11.6 g of 

temperature over a period of Ibom 4 h^urs ^e wh^J„«2^^^ " ^""'^'^ 

in 900 ml of toluene' and Z^ZiZl I!!!*?!! "Jf^r'^l^^^^^ out we,, dlsso^,od again 

needle-like crystals which separated ouVwer;;oTte;te7bwSZ °' "^""^ ** "^^ 

1-2- Asymmetric synthesis of ^2m-2^ opentvl-2-hvdro»Y .p -phenvlacetie acid 

30 minutes. After the addition of 0 15 ml of cvelooantanlnl ThT I. T * ^ • was stirred for 

Of 51 0 mg Of f.-pheny,trifluoromethanliaer;r^^^^^ 

the resul^ng mixture was stirred at room temperature overnight. -^.tT^SoHrr: wLTo^ S^^^^^^^^^^^ 
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aqueous solution of ammonium chloride and extracted with ethyl acetate. The organic layer was washed wUh a satu- 
rated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled 
off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: 
hexane / ethyl acetate = 40/1) to obtain 360 mg of a yellow oily substance. This was dissolved in 4 ml of methanol, 

5 and 45 mg of sodium acetate and IS mg of 10% palladium-carbon were added thereto. This mixture was stirred at 
room temperature under atmospheric pressure in an atmosphere of hydrogen for 6 hours. After the reaction mixture 
was filtered through celite, the solvent was distilled off under reduced pressure. The organic layer was washed with a 
saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent 
was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (de- 

io veloping solvent: hexane / ethyl acetate = 19/1) to obtain 63 mg of a colortess oily material. This was dissolved tn 1 
ml of methanol, and 1 ml of a IN aqueous solution of sodium hydroxide was added thereto. This mixture was stirred 
at 60*^0 for 3 hours. After the methanol was distilled off under reduced pressure, the resulting residue was washed 
with diethyl ether, made acidic virith 1 N hydrochloric acid, and then extracted with chloroform. The organic layer was 
washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. 

IS Thereafter, the solvent was distilled off under reduced pressure to obtain 46 mg of the title compound. 

[0142] It was confirmed by high-performance liquid chromatography using a chirai column [column: DAICEL CHI- 
RALCEL OJ, 0.46 cm (Inner diameter) x 250 cm] that the compounds obtained in Steps 1-1 and 1-2 were Identical. 
From the viewpoint of synthetic chemistry, the steric configuration at the 2-positlon of the compound obtained in Step 
1 -2 was presumed to be R. 

20 

Step 2. Synthesis of (2R)-N-[1 -(4-methyl>3-pentenyl)-piperidin-4-yl]-2-cyclopentyl'2-hydroxy-2-phenylacetamide 
fumarate 

[0143] The title compound was prepared In the same manner as described in Example 25 usi ng (2R)-2-cyclopenTyl- 
^5 2-hydroxy-2 -phenyl acetic acid. 

^H-NMR (CD3OD. 6ppm): 1.20-2.14 (12H, m), 1.67 (3H, s). 1,72 {3H. s). 2.37-2.48 (2H. m), 2.97-3.13 (5H. m). 
3.42-3.58 (2H, m). 3.80^.91 (1H, m), 5.04-5.11 (1H,m), 6.71 (2H. s) , 7.18-7.33 (3H, m), 7.58-7.63 (2H, m). 

Example 29 

30 

(2R)-N-{1-[(4S)^Methylhexyl]piperidin-4-yi)-2-cyclopentyl-2-hydroxy-2-phenylacetamide hydrochloride 

[0144] The title compound was prepared in the same manner as described in Step 5 of Example 22 using (2R)-2- 
cycl opentyl-2-hyd r oxy-2-phenyl acetl c acid. 
35 NMR (CD3OD, Sppm): 0.90 (3H, t J=7.3Hz), 0.91 {3H, d, J=6.0Hz). 1.13-2.16 {19H, m), 2.93-3.16 (5H. m), 

3.44-3.67 (2H. m), 3.80-3.92 (1 H. m), 7.19-7.33 (3H, m), 7.59-7.64 (2H, m). 

Example 30 

^0 N-[1-(E)-(4-Methyl-3-pentenyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenvlacetamide 

[0145] The title compound was prepared in the same manner as described in Step 3 of Example 27 using 4-methyl- 
2-pentenyl methanesulfonate. 

<H-NMR (CDCI3. 6ppm): 0.97 (6H, d, J=6.8Hz). 1.15-2.05 (14H, m), 2.22-2.33 (1H, m). 2.72-2.77 (2H. m), 2.88 
(2H. d. J=6.6Hz), 2.95-3.09 (1H. m), 3.14-3.23 (IH. m). 3.64-3.76 (1H. m). 5.34-5.43 (1H. m). 6.51-5.58 (1H, m). 6.33 
(1H, d, J=7.6Hz), 7.22-7.36 (3H, m). 7.57-7.61 (2H, m). 

Low Resolution FAB-MS (m/e, as (Ca^HaeNgOa + ^)*)'' 3S5 

Example 31 

50 

Synthesis of N-[1 -(E)-(4-methyl-2-h6xenyl)peridin-4-vl]-2-cyclopentvl-2-hvdnc>xv-2-phenvtacetamide 

[0146] The title compound was prepared in the same manner as described in Step 3 of Example 27 using (E)- 
4-methyl-2-hexenyl methanesulfonate. 
S5 iH-NMR (CDCI3, 5ppm): 0.83 (3H. t. J=7.3Hz), 0.96 (3H, d, J=6.8Hz). 1.20-2.06 (1BH, m), 2.71-2.77 (2H, m). 

2.90 (2H. d, J=6.2Hz), 2.93-3.08 (1H. m). 3.64-3.74 (IH, m), 5.39-5.43 (2H, m), 6.35 (IH, d. J=7.9Hz), 7.22-7.36 (3H, 
m), 7.57-7.61 (2H,m). 

Low Rssolut'on FAB-MS (m/e, as (C25H3gN202 + H)+): 399 
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Example 32 



10 



IS 



N^1-(Cyclohsxylmmhvl)p|perld■^^■v,p ■.yM.r.. ^,g.,^^^^^ 

Low-resolution FAB-MS fm/- « ^r-.u..M^ . i^" Ti'- -^^.SHz). 



Low-resolut.on FAB-MS (m/e. as {O^H^^^ ^ \^y, ^ 
Example 33 



20 



25 



30 



^toxyborohydrldewasaddedtLrotoanle'rl^^^^^^^^^ 
aqueous solution of sodium bicarbonae the reaS mS^ f T f J 

washed with asaturated aqueous solution XormJ^^^^^^^^ ^'''o^^^™- organic layer was 

so^ent was distilled off under reduced prelum he rSlula ll^^^^^^^ t T "^"^ After the 

LOW Resolution FAB-MS (m/e. (C^H^N.O, . H)^ 4lf ' ^' 
Example 34 

fonate. ^'^P °^ txampie 28 and cyclopGniylmethyl methanesul- 

Example 35 

i aR^N.f1.(Cyc,oheptylr.ethv,)p.per.d,n.^^^^^^^ 

S^a^laXtiTcS^^^ 

was distilled Oft under reduced pressurrand^hl . " ^^^^ ^^^^ thereto. The solvent 

crystaii^ed .on, ethane. - <^^r^::^oZL':zT:::,::T' - 

J=7.2H2) "'^^ ^-^2 d, J=8.4H2). 7^0-7.40 (3H. m). 7.60 (2H. d. 

Low Resolution FAB-MS (m/e. (C^eH^oN^Og + H)-): 413 
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Example 36 



50 



55 



MH1:Ctc.oheptenylmethyl)piporidin- 4.vn.9^.ln^^^ 

LOW Resolution FAB-MS (m/e, (C^Ha^N.O, "hh 4?? ^ ' ' ^"^'^^ ^"5' ^ ^^-^ eo (2H. m) 
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Example 37 

N^1'(^CvclohexBnvlmethvl)p!peridln-4>vl^2«cyc!opentv^2■hvd^oxv^2-^ 

[0152] The title compound was prepared In the same manner as described in Example 33 using 1-cyclohexenecar- 
baldehyde. 

iH-NMR (CDCI3, 5ppm): 1.10-2.12 (22H. m), 2.64-2.90 (2H, m). 2.85 (2H, br s). 2.95-3.09 (1H, m). 3.15 (1H, br 
s), 3.60-3.81 (1H, m). 5.55-5.62 (1H, m), 6.36 (1H, d, J=9.0H2), 7.21-7.39 (3H. m). 7.60 (2H, brd, J=7.5Hz) 
Low Resolution FAB-MS (m/e, (C25H3SN2O2 + H)+): 397 

Example 38 

N-f1-(Cvclopentvimethvl)plperidin>4-vn-2-cvclopentvl-2>hvdrDxv-2-phenvlacetamlde 

[0153] The titlecompound was prepared in the same manner as described in Step 3 of Example 27 using cyclopentyl- 
methyl melhanesulfonate. 

tH-NMR (CDCI3 , 5ppm): 1.10-1 .31 (2H, m), 1 .35-1.90 (18H, m), 1.96-2.15 {3H, m), 2.25 (2H. d, J=7.3H2), 2.78 
(2H.. d, J=11 .6Hz), 2.93-3.10 (1H. m), 3.27 (1H. br s), 3.62-3.75 (1H, m), 6.35 (1H, J=8.3Hz), 7.22-7.41 (3H, m), 7.59 
(2H.d. J=6.7Hz) 

Low Resolution FAB-MS (m/e, (C24H38IM2O2 + H)+): 385 

Example 39 

N41 -(1 -Cyciopentenylmethyl)piperldin-4-yl]-2-cyclopenTy-1 •2-hydroxy-2-phBnylac6tamide 

[0154] The title compound was prepared In the same manner as desaibed in Step 3 of Example 27 using 1-cy- 
clopentenylmethyl methanesutfonate. 

IH-NMR (CDCia. 5ppm): 1.36-1.73 (10H, m). 1 .75-1.94 (4H. m). 1.96-2.10 (2H. m). 2.22-2,38 (4H. m). 2.70-2.B0 
(2H, m), 3.00 (2H. s), 3.01-3.18 (2H, m), 3.63-3.77 (1H, m), 5.53 (1H, s), 6.36 (1H, d. J=B.1Hz), 7.24-7.36 (3H, m), 
7.60 (1H,dd. J=8.5J.2Hz) 

Low Resolution FAB-MS (m/e. {C24H34N2O2 + H)-^): 383 

Example 40 

N-(1-(3-Methyl-1-cyclohexenylmethyl)plperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide 

[01 55] The title compound was prepared in the same manner as described in Step 3 of Example 27 using 3-methyI- 
1 -cyclohexenylmethyl methanes uifonate. 

^H-NMR (CDCI3. 6ppm): 0.95 (3H, d, J=6.9Hz); 1 .00-2.21 (21H, m), 2.60-2.89 (4H, m), 2.94-3.09 (1H, m), 3.15 
(1H. brs). 3.61-3.80 (1H, m), 5.36-5.44 (IH, m), 6.21-6.39 (1H, m). 7.20-7.40 {3H, m), 7.55-7.63 (2H, m) 

Low Resolution FAB-MS (m/e, (C26H39N2O2+ H)-^): 411 

Example 41 

N- I1-(4-Mgthyl-1 -cycle hexenylmethyl)plperidin-4-yl]-2-cyclopenty 1-2- hydroxy-2-phenylacgtamide 

[0156] The title compound was prepared in the same manner as described in Step 3 of Example 27 using 4-methyl- 
1 -cyclohexenylmethyl methanesutfonate. 

^H-NMR (CDCI3, 6ppm): 0.95 (3H, d, J=6.0Hz). 1.04-1.30 (2H, m), 1.31-2.17 (19H. m), 2.59-2.89 (4H. m), 
2.95-3.10 (IH, m), 3.17 (IH , s). 3.61-3.79 (IH. m), 6.49-5.58 (IH. m). 6.29 (IH. d, J=7.2H2), 7.21-7.40 {3H. m), 
7.56-7.65 (2H, m) 

Low Resolution FAB-MS (m/e, (CasHgaNaOa + H>+): 411 

Example 42 

N-[1-(2-CydohBxenylmethyl)pipertdln-4-vl]-2-cyc(opBnty 1-2- hydroxy -2-pheny I acetamlde 

[0157] The titte compound was prepared in the same manner as described In Step 3 of Example 27 using 2-cy- 
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clohexenylmethyl 4-toluenQsuI fonate 

Example 43 " "^i^njm; 




L™. R,M«io„ FAB-MS ,^e, (O^hJ.C^Vh" 4,3 ' ' 1^' '■S'-Me BH, 

Example 45 

LOW Resolution FAB-MS (m/e,(C2,H^Np^.Hn: 413 ' 

Example 46 

J=Site), 723-7.36 (SH. m). 7.60 RH, d, ^7 ,5' ' ""' "^-^ " = « ('H. s), 6.3^ (,H j" 

L.W R=..l«i,„ (CaHWMjOj ♦ H).): 397 

Example 47 

U ■^y^'°PQ"tV'-2-hvdroxy.9.f g.thlenvl) a«tfnmM4. 

^- g^'^ Of 2-cvcloo.nM...Hy.,.^. . p .„„„-^„^ 

» temperature for 25 minutes and a IN hvdrUhloric «wh ""^^'^ stirred at the same 

alkanne wfth an aqueous solutiro so£?ca*ona e 'T* '^^^^ ^eplS.Id made 

was made acidfc with 1 N hydrochloric acid an^eSted wi^h S^^^^^^^ T '^''^ T*^- basic aqueousTayar 
andasatu.tedaqueousso,.ono,sod.umch,odde'SrnSr:^^^^^^^ 
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was distilled ott under reduced pressure, the resulting residue was suspended In diethyl ether and the solid matter was 
removed by filtration. The solvent was distilled off under reduced pressure to obtain the tile compound. 

Step 2. Synthesis of N-[1 >(4-methyl'3-pentenyl)-piperidin'4-vn'2-cyclopentvl-2'hydroxy-2-(2'thtenyl)-acetamide 

5 

[0163] The title connpound was prepared in the same manner as described In Step 2 of Example 25 using 2-cy- 

clopentyl-2-hydroxy-2-(2-lhienyl) acetic acid. 

^H-NMR (CDCI3. Sppm): 1.36-1.82 (20H, m), 1.87 (2H, m), 2.21 (4H, m), 2.44 (2H. m). 2.81 (1H. m), 2.94 {2H. 
m), 3.78 (1H, m). 5.04 (1H. m). 6.43 (1H, d, J=7.8H2). 6.95 (1H, dd, J=5.2. 3.6H2), 7.08 (1H, dd. J=3.6, 0.7Hz), 7.22 
10 {1H. dd, J=5.0, 0.7H2) 

Low Resolution FAB-MS (m/e. (C22H34N2O2S + H)+): 391 

Example 48 

15 N-{1-(4-MBthyl-3-pentenyl)piperldln-4'Vll-2-cyclopentyl-2'hydroxy-2-(3-thlenyl)acetamlde 

[0164] The title compound was prepared In the same manner as described In Example 47 using 3-thlenylgIyoxylic 
acid. 

'H-NMR (CDCI3, Sppm): 1 .37-1 .77 (18H. m), 1 .80-1 .98 (2H, m). 2.08-2.24 (4H, m). 2.30-2.42 (4H. m), 2.77-2.92 
20 (2H, m), 3.66-3.80 (1H, m), 5.02-5.10 (1H. m). 6.35 (1H, d, J=7.9Hz), 7.19 (1H. dd, J=5.0, 1.4Hz), 7.28 (IH, dd, J=5.0, 
3.0Hz), 7.30 {1H, dd. J=3.0. 1.4Hz) 

Low Resolution FAB-MS (m/e, (C22H34N2O2S + H)+): 391 

Example 49 

2S 

N41-(4'Methyl-3-pentenyl)piperldin-4'yll-2-cyclopentyl-2-(3-furyl)-2-hydroxyacetamide 
Step 1 . Synthesis of ethyl 3-furylglyoxylate 

30 [0165] A solution of n-butyllithium in hexane was added dropwise to a solution of 1 ml of 3-bromofuran in 6 ml of 
diethyl ether at -78'^ and this mixture was stirred at the same temperature for 16 minutes. A solution of 22 ml of di 
ethyl oxalate In 9 ml of diethyl ether was added dropwise thereto and the resulting mixture was stirred at -78'*C for 30 
minutes. After the addition of 14 ml of 1 N hydrochloric acid at the same temperature, the reaction mixture was gradually 
warmed to room temperature. The reaction mixture was extracted with diethyl ether. The organic layer was washed 

35 with water and a saturated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After 
the solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chroma- 
tography (developing solvent: hexane /ethyl acetate = 10/1) to obtain the title compound. 

Step 2. Synthesis of 2-cyclopentyl-2-(3-turyl)-2-hvdroxyacet[c acid 

40 

[0166] The title compound was prepared In the same manner as described in Step 1 of Example 27 using ethyl 
3-furylglyoxylate. 

Step 3. Synthesis of N-f 1 -(4-methvl-3-pentenyl)-plperidln-4-vn-2-cyclopentyl-2-(3-furvl)-2-hydroxvacetamide 

45 

[0167] The title compound was prepared in rhe same manner as described In Step 2 of Example 47 using 2-cy- 
clopentyl-2-(3>furyl)-2-hydroxyacetic acid. 

^H-NMR (CDCI3, 5ppm): 1 .34-1 .84 (16H, m), 1 .83-1 .95 (2H, m). 2.09-2.25 (4H. m), 2.33-2.40 (2H, m), 2.60-2.74 
(1H, m), 2.83-2.92 (2H, m), 2.90-3.30 (1H. m), 3.70-3.84 (1H, m), 5.03-5.11 (1H, m). 6.42 (1H. d, J=7.2H2), 6.44 (1H. 
50 dd, J=2.7. 1 .8Hz). 7.33 (1 H. d, J-1 .8Hz), 7.46 (1 H, d. J=2.5Hz) 
Low Resolution FAB-MS (m/e, (022*^3*^203 + H)+): 375 

Example 50 

55 N-[1-(4-Methyl-3-pentenyl)piperidin-4-yll-2-cyclopentyl-2-(2-furyO-2-hydroxyacetamide 

[0168] The title compound was prepared in the same manner as described in Example 49 using furan. 

iH-NMR (CDCig. Sppm): 1.35-1 .77 (16H, m), 1 .78-1.90 (1H, m). 1.91-2.02 (1H, m), 2.05-2.23 {4H. m), 2.30-2.40 
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(2H m) 2.60-2.70 (1H, m), 2.72-2.92 (2H. m), 3.70-3.83 (1H, m). 3.95-4.15 (1H. m). 5.03-5.12 (1H. m), 6.20 (1H. d. 
J=7'.5H2). 6.36 (1H, d, J=3.3Hz), 6.39 (1H, d, J=3.3Hz), 7.38 (IH, s) 
Low Resolution FAB-MS (m/e, (Cz^y^fizO^ + H)*): 375 

Exampio 51 

N-t1.<4-Methvl-3-penterwlV»iDerldn-4-vl1 -2-cvcloDeiTtvl-2-hvdroxy-2-(2-thiazolYl)^^ 

(1H m). 5.00-5.12 (2H. m), 7.29 (1H. d. J=3.2Hz). 7.32-7.42 (1H. m). 7.72 (IH. d, J=3.2H2) 
Low Resolution FAB-MS (m/e, (C^»3i^fi^ + H)*)"- 

Example 62 

M.;i-M-Mpth Yl-3-penlenvtolperidin-4-vl1-2-cvclopentyl-?-hvdroxv-2- (2-pyridYl)acetamide 

(1Hmr'o2^?0(1H;mT^^^ 
7,93 (1H, d, J=9.1Hz), 8.44 (1H, d. J=42Hz) 

Low Resolution FAB-MS (m/e, (CjjHasNjOa + H)*): 386 

Example 53 

Ni.ji.|d.MPthYi-a- pentenvnDlperltf.n-4.vn-2-cvclopentvl-2- ( 3-f luorDphen yO-2-hYdroxyac^ 

[0171] The trtle compound was prepared in the same manner as descrbed in Steps 2 to 3 of Example 49 using 

"'•"^HTM^'DSriri 10-1.76(14H.^ 
(2H,m"2.SL3!;4m 

Tlw Resolution FAB-MS {m/e, (C24H35FN2O2 + H)+): 403 
35 Example 54 

M.,i.|^.Mo,h yua.n«ntenvltoloerldln- 4-vll-2-cvclODentvl-2-(?-tli.omphenvl)-2-hYdroxvacetamlde 

[01721 The title compound was prepared In the same manner as described In Example 53 using methyl 2-fluoroph- 
40 enylglyoxlate_ ^ ^2-2.04 (2H. m). 2.1 0-2.28 (4H , m). 2.32^^« 

(2H. mj 2T-Sa 3.;2'-3.86 ilu, mi. i.51 (1H. br s), J 07 ^ H, «. J=|4 7.0^^^^^^^ (1H, brt, J=7.3Hz). 
6 98-7.04(1H, m). 7.15 (IH. dt. J=1.3. 7.9Hz), 7.22-7.32 (IH, m). 7.76 (IH, dt. J=1.3, 7.9Hz) 
Low Resolution FAB-MS (m/e, (CnHafNzOz + H)+): 403 

45 

Example 55 

K,^i..A.Moth Y.-3-oentenv»Dlperldln- ^ -YiF-cvclopentvl.2.(4.1luomphenvl)-2-hY^^ 
50 [01731 TT^etftlecompoundwaspreparedinthesamemannerasdescribedln Exampie 53 and Step 3 of Example 
25 using methyi 4-fluorophenylglyoxylate. , , , , „v o on ? u MM m^ 2 34-2 46 (2H, m). 

55 ^^^^ Tow Resolution FAB-MS (m/e. {Ca4H35 FNgOg + H)+): 403 
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Example 56 

N-f1'(4-Methvl-3>pent9nvl)piperidin-4-vl]«2-(2Hmidazolvl)'2H:vclopen 

5 Step 1 . Synthesis of N^2-(trin^^ethylsHyl)6thoxymethyl]imldazQie 

[01 74] 2.23 g of sodium hydride was added to a solution of 2.93 g of imidazole In tetrahydrofuran under cooling with 
Ice, and this mixture was stirred tor 25 minutes. 7.5 ml of chloromethyl 2-(trlmethylsiiyl)ethyl ether was added thereto 
and the resulting mixture was stirred at room temperature overnight. The reaction mixture was mixed with water and 
extracted with chlorofonm. The organic layer was dried over anhydrous magnesium sulfate. After the solvent was dis- 
tilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing 
solvent: chloroform / methanol = 4Q/1 ) to obtain 8.02 g of the tiUe compound. 

Step 2. Synthesis of N-{1 ■(4'ethyl-3-pentenyO-piperidln-4-yll'2-cyclopentyl-2'hydroxy-2--{[2-(trimethylsilyl) 
'5 ethoxym&thvnimlda2ol-2-yl)acetamlde 

[01 75] The title compound was prepared In the same manner as described in Example 49 using N-[2-{tnmethylsllyt) 
ethoxymethyl]imidazole. 

^ Step 3. Synthesis of N-f 1 -(4-methvl-3'pentenyl)-p!peridln-4-yl]-2-(2-lmldazoivl)-2-cvciopentvl-2-hvdroxyacetamltie 

[0176] 0.3 ml of a 1 N tetrabutylammonium fluoride solution in tetrahydrofuran was added to a solution of 44 mg of 
N41-(4-methyl-3-pentenyl)piperidin-4-yll-2-cycIopentyl-2-hydroxy-2^[2-{trimethylsilyl)ethoxymethyl]imida^ 
acetamlde in 2 ml of tetrahydrofuran at 60*'C, and this mixture was stin'ed at the same temperature for 5 hours. The 

2S reaction mixture was mixed with a saturated aqueous solution of sodium bicarbonate and extracted with diethyl ether 
The organic layer was washed with water and a saturated aqueous solution sodium chloride and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was 
purified by preparative thin layer chromatography [Kieselgel^'^ 6OF254, Art 5744 (manufactured by E. Merck); devel- 
oping solvent: chlorofonn / methanol = 7/1] to obtain 14 mg of the title compound. 

30 IH-NMR (CDCI3, 5ppm): 1.17-1.98 (12H. m). 1.61 (3H, m), 1.69 (3H. m), 2.06-2.27 (4H. m). 2.28-2.40 (2H. m), 

2.57-2.91 (3H. m), 3.6B-3.81 (1 H, m), 4.73 (1 H, brs), 5.03-5.13 (1H, m), 6.91-7.03 (2H, m). 7.40-7.59 (1 H. m). 9.67-9.B7 
(1H, m) 

Example 57 

35 

N-{1'(4-Methyl'3-pentenyl)plperidin'4'yll-2>cyclopentyl-2-hydroxy-2'(5-thlazolyl)acetamide 

[01 77] The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 49 using ethyl 
54hia2o!ylglyoxylate. 

<o IH-NMR (CDCI3, Sppm): 1.10-1,71 (10H. m), 1.68 (3H, s), 1.69 {3H. s). 1.80-1.86 (1H, m), 1.92-1.98 (1H, m), 

2.11-2.22 (4H, m). 2.31-2.37 (2H, m), 2.69-2.85 (3H, m), 3.70-3.81 (1H, m). 4.79 (1H. s). 5.05-5.10 (1H, m), 745 (1H, 
d. J=7.9Hz). 749 (1H, d, J=2.2Hz), 8.72 (1 H. d, J=2.2Hz) 

Low Resolution FAB-MS (nn/e. (C21H33N3O2S H)+): 392 

^5 Example 58 

N41-(4-Methyl-3-pentenyl)piperidin-4-yll-2-cyclopentyl-2-hydroxy-2-(2-pynrolyl)acetamide 
Step 1 . Synthesis of ethyl 2-pvrrDlylglyoxylatB 

50 

[0178] 1 .1 g of pyrrole and 1 .5 g of pyridine were dissolved In 30 ml of 1 ,2-dichloroethane and 2.2 ml of ethyl chlo- 
rooxalate was added thereto. This mixture was stirred at room temperature for 1 7 hours. The reaction mixture was 
mixed with a saturated aqueous solution of ammonium chloride and extracted with diethyl ether. The organic layer was 
washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the 
^ solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography 
(developing solvent: hexane / ethyl acetate = 4/1) to obtain 2.1 g of the title compound. 
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Step 2. Synthesis of N-f 1 •(4-methvl-3-pentQnyl)-piperidln>4-vll-(2-pyrrolVl)g!VQxamldQ 



[01 79] 2.1 g of ethyl 2-pyiTolyglyoxylate was dissolved in a mixture of 1 0 mi of tetrahydroturan and 5 ml of water. 1 .9 
9 of lithium hydroxide monohydrate was added thereto and this mixture was stirred at 50°C for an hour. The reaction 

5 mixture was extracted with a saturated aqueous solution of sodium bicarbonate, and the aqueous layer was made 
acidic with 1 N hydrochloric acid and extracted with diethyl ether. The organic layer was washed with a saturated aque- 
ous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was dissoh/ed in 10 ml of N,N-dlmethylformamide. 700 mg of 1,1'-cartoonyld- 
iimidazole was added thereto and the resulting mixture was stirred at room temperature for 2 hours. 990 mg of 4-amlno- 

10 1 .(4-methyl-3-pentenyl)plp6ridine dihydrochlorlde, 48 mg of 4-dimethylamlnopyridlne and 1 .5 ml of triethylamine were 
added thereto and the resulting mixture was stin-ed at room temperature for 2 days. The reaction mixture was mixed 
with a saturated aqueous solution of sodium bicarbonate and extracted with diethyl ether. The organic layer was washed 
with a saturated aqueous solution of sodium hydrochloride and then dried over anhydrous sodium sulfate. After the 
solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography 

IS {developing solvent: chlorofomrt / methanol = 19/1) to obtain 570 mg of the title compound. 

Step 3. N-[1 -(4«Methyl>3'pentenyl)plp6ridin-4-yl]-2-cydopentyl-2-hydroxy-(2-pyrrolyOacetamld6 

[0180] A solution of cyclopentylmagnesium chloride in diethyl ether was added dropwise to a solution of 540 mg of 
^ N41-(4-methyl-3-pent6nyl)plperldln-4-yl]-(2-pyn'Olyl)glyoxamlde and 280 mg of lithium perchlorate In 2 ml of tetrahy- 

drofuran under cooling with ice. This mixture was stirred at the same temperature for 40 minutes. The reaction mixture 

was mixed with a saturated aqueous solution of ammonium chloride and extracted with diethyl ether. The organic layer 

was washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. 

After the solvent was distilled off under reduced pressure, the resulting residue was purified by silica gel column chro- 
^5 malography (developing solvent: chlorofonn / methanol = 15/1 ) to obtain 570 mg of the title compound. 

^H-NMR (CDCIa, 6ppm): 1.33-1.67 (10H, m), 1.61 (3H, s), 1.68 (3H. s), 1.81-1.89 (2H, m), 2.03-2.17 (4H, m), 

2.27-2.32 (2H, m), 2.49-2.60 (1 H, m), 2.72-2.81 (2H, m), 3.45 (1 H, br s), 3.64-3.78 (1 H, m). 5.03-5.09 (1 H, m), 6.08-6.1 6 

(2H. m), 6.42 (1H, d, J=7.9Hz), 6.70-6.72 (IH. m), 9.04 (1H, br 8) 
Low Resolution FAB-MS (m/e, {C22H35N3O2 + H)): 374 

30 

Example 59 

N-{1-(4-Methyl-3-pentenyl)piperldin-4-yll-2-cyclopentyl'2-hydroxy-2-(4-pyrimidlnyl)acetamide 

3S Step 1 . Synthesis of ethyl 2-(5-bromo-4-pyrimldinyl)- acetate 

[0181] 11 .6 ml of a 1 .5 M lithium diisopropylamide solution in hexane was added dropwise to a solution of 2.1 g of 
ethyl acetate in 80 ml of tetrahydrofuran at -78^C , and this mixture was stirred at the same temperature for an hour. 
A solution of 3.35 g of 5-bromopyrimidine in 20 ml of tetrahydrofuran was added dropwise to the reaction mixture and 
40 the resulting mixture was gradually warmed to room temperature with stirring over a period of 3 hours. The reaction 
mixture was mixed with a saturated aqueous solution of ammonium chloride and extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous mag- 
nesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was dissolved in 200 
ml of chlorofonn, mixed with 15 g of manganese dioxide, and stln^d at room temperature for 24 hours. The reaction 
mixture was filtered and the filtrate was condensed under reduced pressure. The resulting residue was purified by 
silica gel column chromatography (developing solvent: hexane / ethyl acetate = 20/1 - 5/1) to obtain 3.6 g of the title 
compound. 

Step 2. Synthesis of ethyl (4-pvrimidlnvl)glyoxaiate 

50 

[0182] A solution of 2 g of ethyl 2-(5-bromo-4-pyrimidinyl)acetate, 1 .74 g of N-bromosuccinimlde and 1 00 mg of a, 
a*-a20bi6jsobutyronitrile in 60 ml of carbon tetrachloride was stirred at SS^'C for 2 hours. The reaction mixture was 
cooled to room temperature and filtered. The filtrate was condensed under reduced pressure and the resulting residue 
was dissolved in 30 ml of acetoni trile. This solution was added dropwise to a solution of 4.8 g of pyridine N-oxide and 
55 9.39 of silver nitrate in 1 00 ml of acetonltrile under cooling with Ice, and the solution was warmed to room temperature 
and stirred for 20 hours. The reaction mixture was mixed with 4 mi of triethylamine, sti rred for an hour, diluted with 
ethyl acetate, and filtered. The filtrate was condensed under reduced pressure and the resulting residue was dissolved 
In chiorofomi. This solution was washed with a saturated aqueous solution of sodium bicarbonate and a saturated 
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aqueous solution of sodium chlorida and then dried over anhydrous magnesium sulfate. Atterthe solvent was distilled 
off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: 
hexane /ethyl acetate = 4/1 - 2/1 ) to obtain 800 mg of a white solid. A solution of 350 mg of this solid, 380 mg of sodium 
bicarbonate and 90 mg of 10% palladium-carbon in 15 ml of ethanol was stirred under an atmosphere of hydrogen at 
5 atmospheric pressure and room temperature for 2 hours. The reaction mixture was filtered with cellte and the ethanol 
was distilled off under reduced pressure. The resulting residue was purified by preparative thin layer chromatography 
[Kieselgel^ 6OF254. Art 5744 (manufactured by E. Merck); developing solvent: hexane / ethyl acetate = 12/1] to oblai 
n 110 mg of the title compound. 

<o Step 3. Synthesis of ethyl 2-cyclopentyl"2-hydroxy'2-(4-pyrimidinyl)acetate 

[0183] The title compound was prepared in the same manner as described using ethyl (4-pyrimidlnyl)glyoxylate. 

Step 4. Synthesis of N-[1 -(4-methvl-3-pentenyi)-piperidln-yl]>2-cyclopentyl-2-hydroxy-2-(4-pyrimidinyl)acetamide 

15 

[01 84] 0.65 ml of a 1 M trimethylaluminum solution in hexane was added to a solution of 85 mg of 4-amino-1 -(4-melhyl- 
pentenyOpiperldine dl hydrochloride In 5 ml of toluene under cooling with ice, and this mixture was stirred at the same 
temperaturefor 2 hours. A solution of 29 mg of ethyl 2-cycIopentyl-2-hydroxy-2-(4-pyrimidinyl)acetate in 3 ml of toluene 
was added to the reaction mixture. The resulting mixture was stirred at 1 0O'^C for 1 8 hours, mixed with 1 N hydrochloric 

^ acid undercooling with ice, made alkaline with a saturated aqueous solution of sodium bicarbonate, and extracted with 
chlorofomi. The organic layer was washed with a saturated aqueous solution of sodium chloride and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off, the resulting residue was purified by preparative thin 
layer chromatography [Kieselgel™ 6OF254, Art 5744 (manufactured by E. Merck); developing solvent: chlorofonm / 
methanol = 9/1] to obtal n 6 mg of the t'rtle compound. 

25 IH-NMR (CDCI3, 6ppm): 0.99-1.98 (12H, m), 1.63 (3H, s), 1.70 (3H, s), 2.08-2.43 {6H. m), 2. 74-2.96 (3H, m), 

3.65-3.82 (1H, m). 5.04-5.13 (1H, m), 5.60 (1H, s), 7.44 (1H, br d. J=7.8Hz). 7.96 (1H, br d, J=5.4Hz), 8.74 (1H. d, 
J=5.4Hz),9.13(1H, brs) 

Low Resolution FAB-MS (m/e. (C22H34N402 -1- H)): 387 

30 Example 60 

N-f1-(Cycloh6ptvlmQthvl)piperidin-4-yn-2-cyclopentyl-2-hydroxy-2-(54hiazolvl)acQtamide 
Step 1 . Synthesis of 4>amlno-1-(cycloheptvlmethyl)-piperidln6 dlhydrochlorlde 

35 

[0185] The title compound was prepared In the same manner as described In Steps 2 to 3 of Example 22 using 
cycloheptylmethyl methanesulfonate. 

Step 2. Synthesis of N-[1 -(cycloheptylmethyl)piperidin-4>yi]-2-cyclQpentyl-2-hydroxy-2-(5-thlazolyl)acetamld6 

40 

[0186] Tlie title compound was prepared In the same manner as described in Step 4 of Example 22 using 2-cy- 
clopentyl-2-hydroxy-2-(5-thiazolyl)acetlc acid obtained in Example 57 and 4-amino-1-(cycloheptylmethyl)-piperidine 
dihydrochloride. 

iH-NMR (CDCI3 , dppm): 1 .04-1 .80 (24H, m), 1 .88-1 .93 (1 H, m), 2.00-2.1 4 (4H, m), 2.65-2.75 (3H. m), 3.66-3.81 
^5 (1H, m), 4.79 (1H. s). 7.42 {1H, d. J-7.6Hz). 7.49 (1H, d. J=2.2Hz), 8.72 (1H, d. J=2.2Hz) 
Low Resolution FAB-MS (m/e, (C23H37N3O2S + H)+): 420 

Example 61 

so N-[1-(CycloheptylmethyDplperidin-4-yn-2-cyclopentyl-2-hydroxy-2-(2-thienyl)acgtamide 

[0187] The title compound was prepared in the same manner as described In Step 4 of Example 22 using 2-cy- 
clopentyl-2-hydrt>xy-2-(5-thienyl}acetic acid obtained In Example 47 and 4-amino-1-(cycloheptylmethyl)-piperldine di- 
hydrochloride. 

55 ^H-NMR (CDCI3, 5ppm): 1.30-1 .80 (22H, m). 1 .79-1 .90 {2H, m). 1 .98-2.17 (4H. m). 2.66-2.89 {4H, m). 3.65-3.78 

(1H. m), 3.70-4.08 (1H, m). 6.34 (1H, d, J=7.9Hz), 6.96 (1H, dd, J=5.0, 3.6Hz), 7.07 (1H, dd, J=3.6, 1 .2Hz). 7.26 (1H, 
dd, J=5.0. 1.2Hz) 

Low Resolution FAB-MS (m/e, (C24H33N2O2S + H)+): 419 
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Example 62 

N^1>(CyclQh6ptvlm6thvl)pip6ridln■4>v^-2-(2-fu^vl)^2'Cvdopentvl^2'hyd^oxyac6tam 

[0188] The title compound was prepared in the same manner as described In Step 4 of Exampie 22 using 2-cy- 
clopentyi-2-(2-furyl)-2-hydroxyacetlc acid obtained In Example 50 and 4-amino-1-(cycloheptylmethyl)piperidine dlhy- 
drochloride. 

^H-NMR (CDCI3. 6ppm): 1.32-1.98 (24H, m), 1.98-2.15 (4H. m), 2.57-2.80 (3H, m), 3.69-3.83 (1H, m), 4.14 (1H, 
s), 6.17 (1H. d J=7.2Hz). 6.35 (1H, d, J-3.3Hz), 6.38 {1H, dd, J=3.3. 0.9Hz). 7.36 {1H, d, J=0.9Hz) 

Example 63 

N-fl-(Cycloheptvlmethyl)plp6rldln-4-yll-2-cyclopentyl-2-hydrDxy>2-(2-thlazQlyl)acetamide 

[0189] The title compound was prepared in the same manner as described In Step 4 ot Example 22 using 2-cy- 
clopentyl-2-hydroxyl-2-(2-lhlazolyl)acetic acid obtained In Example 51 and 4-amino-1-(cycloheptylmethyl)-piperldlne 
dihydrochloride. 

^H-NMR (CDCI3, 5ppm): 1 .00-1 .18 (2H, m), 1 .19-1 .84 (23H. m), 1 .85-1 .97 (1 H, m), 1 .98-2.18 (3H. m). 2.60-2.B1 
(3H. m). 3.66-3.81 (1H, m), 5.05 (1H, s). 7.29 (1 H, d, J=3.3Hz), 7.38 (IH, d, J=7.9Hz). 7.71 (1H, d, J=3.3Hz) 
Low Resoiution FAB-MS (m/e, (C23H37N3O2S + H)+): 420 

Exampie 64 

N-[1-(Cycloheptyrmethyl)plpBrldin-4-yO-2-cyciopentyl-2-hydroxy-2-(3-thlenyl)ac6tamldQ 

[0190] The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 58 using ethyl 
2-thienylglyoxyIate and 4-amlno-1-(cycloheptylmethyl)plperidlne dihydrochloride. 

IH-NMR (CDCI3, 5ppm): 1.01-1.92 (25H. m), 1.96-2.18 {4H, m). 2.62-2.94 (3H, m), 3.21 (1H, br s), 3.64-3.80 
(1H, m), 6.31 (1H. br d, J=6.8Hz). 7.19 (1H, dd. J=5.0. 1.4H2), 7.25-7.34 (2H, m) 

Example 65 

N-(1-(CycloheptylmethyOpiperidin-4'yl]-2-cyclopentyl-2-hydroxy-2-(2-pyridyl)ac€tamide 

[0191] The title compound was prepared in the same manner as desaibed In Sept 4 of Example 22 using 2-cy- 
clopentyl-2-hydroxy-2-(2-pyrfdyl)acetic add obtained in Example 52 and 4-amino-1-(cycloh6ptylmethyl)-piporldlne di- 
hydrochloride. 

^H-NMR (CDCI3, 6ppm): 0.96-1 .16 (4H, m), 1 .32-1 .78 (20H. m). 1 .86-1 .92 (1 H. m). 1 .98-2.09 (4H. m). 2.67-2.75 
m), 2.86-2.96 (1H, m), 3.62-3.76 (1H, m), 6.21 (1H. br s), 7.21-7.26 (1H. m), 7.45 (1H, d. J=7.9Hz), 7.69-7.45 
{1H. m). 7.94 (1H, d, J=7.8Hz), 8.43-8.45 (1H. m) 

Low Resolution FAB-MS (m/e, {C25H39N3O2 + H)+): 414 

Example 66 

N41-(Cycloheptylmethyl)piperidin-4-yO-2-(3-f!uorophenyl)-2-cyclopentyl-2-hydroxyacetamlde 

[0192] The title compound was prepared In the same manner as described in Step 4 of Example 22 using 2-(3-fluor- 
oph any l)-2-cyclopentyl-2-hydroxy acetic acid obtained in Example 53 and4-amino-1-(cycloheptylmethyl)-plperidine di- 
hydrochloride. 

^H-NMR (CDCI3. 5ppm): 1 .00-1 .28 (3H, m), 1 .28-1 .90 (22H. m). 1 .95-2.20 (4H, m). 2.60-2.80 (2H, m). 2.90-3.04 
(1H, m), 3.08 (1H. s). 3.62-3.78 (1H, m), 6.34 (1H, d, J=7.4Hz), 6.90-7.00 (1H, m), 7.24-7.42 (3H, m) 
Low Resolution FAB-MS (m/e. (C28H39FN2O2 + H)+): 431 

Example 67 

N-[1-(Cycloh9ptylmethvi)plp9ridln-4'V0-2-(2-nuorophenyl)-2-cyclopentyl-2-hvdroxyacetamld9 

[01 93] The title compound was prepared in the same manner as described in Step 4 of Exampie 22 using 2-(2-nuor- 
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ophenyl)-2-cyclopentyl-2-hydroxyacette acid obtained In Example 54 and 4-annIno-1 -(cycloh6ptyImethyl)-plpei1d!ne di- 
hydrochloride. 

'H-NMR (CDCI3, appm): 1.00-1.15 (2H, m), 1.30-1.82 (22H, m), 1.86-2.12 (5H. m), 2.58-2.75 {2H. m), 2.86-3.01 
(1H. m). 3.65-3.80 (1H, m). 4.59-4.62 (1H, m). 6.30-6.46 (1H, m). 6.96-7.08 (1H, nfi). 7.15 (1H. dt. J=1.3. 7.9Hz), 
7.22-7.31 (1H, m), 7.77 (1H. dt. J=1.3, 7.9Hz) 

Low Resolution FAB-MS (m/e. (CggHa^ FNgOg + H)-^): 431 

Example 68 

N-[1-(CvclQhepWtmethvl)pip9ridln-4-vn-2-cvclopentvl-2-(4-fluorophenvl)-2-hydrDxvacetamid9 

[0194] The title compound was prepared in the same manner as described In Step 4 of Example 22 using 2-cy- 
clopentyl-2-(4-^luo^ophenyl)-2-hyd^oxyacetlc acid obtained in Example 55 and 4-amino-1 -(cydoheptylmelhyl) piperl 
dine dihydrochloride. 

^H-NMR (CDCI3. 5ppm): 1 .00-1 .30 (3H, m), 1 .30-1 .92 (22H, m), 1 .92-2.15 (4H. m), 2.62-2.76 (2H, m), 2.92-3.10 
{1 H, m). 3.04 (1 H. s), 3.60-3.74 (1 m). 6.33 (1 H, d, J=8.4Hz), 6.96-7.06 (2H, m), 7.54-7.62 (2H, m) 
Low Resolution FAB-MS (m/e, (CasHg^FNgOg + H)+): 431 

Example 69 

N-{i-(2-Cyclopentyletiiyi)piperidin-4-yl]-2-cyciopentyl-2-hydroxy-2-phenylacetamide 

[0195] The title compound was prepared in the same manner as described in Step 3 of Example 27 using 2-cy- 
clopentylethyl methanesulfonate. 

^H-NMR (CDCI3. Sppm): 1.03-1 .28 (2H, m), 1.42-1.90 (21 H, m), 2.03-2.10 (2H. m), 2.29-2.35 {2H, m), 2.78-2.88 
(2H, m), 3.00-3.14 (2H, m). 3.68-3.72 {1H, m), 6.33 (IH, d. J=7.6H2). 7.23-7.36 (3H, m), 7.67-7.61 {2H. m) 

Low Resolution FAB-MS (m/e, (C25H38iM202 + H)+): 399 

Example 70 

N-(1-(Cyclooctylmethyl)piperidin-4-yl]-2-cyclopentyi-2-hydroxy-2-phenylacetamlde 

[0198] The title compound was prepared in the same manner as described in Example 33 using cyclooctylcarbald- 
ehyde. 

^H-NMR (CDCI3, 5ppm): 1.07-1.25 (1H, m), 1.35-2.17 (25H. m). 2.40-2.84 (6H, m). 2.99-3.16 (1H. m), 3.49-3.64 
(2H. m), 3.85-4.01 (1H, m), 6.88 (1H, br d. J=8,4H2), 7.21-7.41 (3H, m), 7.59 (2H, br d J=8.3H2) 

Example 71 

N-[1-(4-Methylpentyl)piperidin-4-yll-2-cyclopentyl-2-(2-fluorophenyl)-2-hydroxyacetamide hydrochloride 

[0197] The title compound was prepared in the same manner as described in Step 3 of Example 27 and Step 5 of 
Example 22 using 5-bromo-2-methyipentane. 

'H-NMR (CDCI3, 8ppm): 0.92 (6H. d, J=6.6Hz), 1.20-2.14 {18H, m), 2.93-3.16 (6H. m). 3.50-3.63 (2H, m), 
3.79-3.90 (1H, m), 7.20-7.31 (3H. m), 7.60 (2H, d. J=7.3Hz) 

Example 72 

N-f1-(trans-4-MethvlcvctQpentvlmethvl)plp6rldln-4-vl1-2-cvclopentyi-2-(2-fluorQphenvl)-2-hvdrQxvacetaml^ 

[0198] The title compound was prepared in the same manner as described in Step 3 of Example 27 using trans- 
4-methylcyclopentylm ethyl methanesulfonate. 

^H-NMR {CDCI3, 5ppm): 0.86 (3H, d, J=6.9H2), 1.15-1.98 (22H, m), 1.91-2.02 (2H, m), 2.05 (2H, d, J=7.3H2), 
2.63-2.71 {2H. m). 2.93-3.06 (1H. m). 3.18 (1H. s), 3.60-3.73 (1H. s), 6.25 (1H. d. J=8.2Hz). 7.21-7.37 {3H, m), 7.59 
(2H. d, J=7.5Hz) 

Low Resolution FAB-MS (m/e, (C2SH40N2O2 + H^: 413 
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Exampla 73 

. N41-(Blcyclo[3.3.0]oct.3-vlmethvl)plperldln-4.vl1-2-cvclo p8ntvl-2.hvdroxv.p.phenvla^^^ 

tanSLTd'ehyr"'""' '''''''' '^"^''^ ^3 using b.cyc.o[3.3.0,-oc- 

Low Resolution FAB-MS (m/e,(C26H4oN202 + H)+): 425 • m). /.5B 7.64 (2H, m) 

Example 74 

N^HBICYCI^^4.1.0|hapt■7■y>ll«lll^^MneMn^.vJl■^.»el» p en^v^g■hvd^ 

Formulation Example 1 
[0201] 



Ingredient 


mg per tablet 


Compound of Example 28 


5.0 


Lactose 


103.8 


Crystainne cellulose 


20.0 


Partially gelatinized starch 


20.0 


Magnesium stearate 


1.2 


Total 


150.0 



Formulation Example 2 
[0203] 



Ingredient 


mg per tablet 


Tablet of Formulation Exa.mp!e 1 


1 'sjyj 


Hydroxypropylcellulos© 291 0 


3.6 


Polyethylene glycol 6000 


0.7 


Titanium dioxide 


0.7 


Total 


155.0 



[02041 10.8 g of hydroxypropylcellulose 2910 and 2.1 9 of polyethylene glycol 6000 were dissolved in 172 5 n „f 
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Formulation Exampte 3 

[0205] 0.1 g of the compound of Example 28 was dissolved In 900 ml of physiological saline, and an additional 
amount of physiological saline was added to make a total amount of 1 ,000 ml. The resulting solution was sterilized by 
tlttratfon through a membrane filter having a pore size of 0.25 \jjn. Then, 1 ml each of this solution was filled into 
sterilized ampules to make an inhatatlonal liquid preparalton. 

Formulation Example 4 

[Q?0^l 10 g of the compound of Exannple 28 and 70 g of l&ctose were unifonrtaty blended. Then, 100 mg each of 
this powder blend was filled into exclusive powder inhalers to make an Inhalational powder preparation (400 }ig per 
inhalation). 

Exploitability in Industry 

[0207] The 1 ,4-di-substituted piperl dine compounds of the present invention have selective antagonistic activity 
against the muscartnk: M3 receptors and can hence be used safely with a minimum of side effects. Accordingly, they 
are very useful in the treatment or prophylaxis of diseases of the respiratory system, such as asthma, chronic airway 
obstruction and fibroid lung; diseases of the urinary system accompanied by urination disorders such as pollakiuria, 
urinary urgency and urinary Incontinence; and diseases of the digestive system, such as Irritable colon and spasm or 
hyperanakinesis of the digestive tract. 



and the Phamiaceutically acceptable salts thereof, wherein: 

Ar represents a phenyl group or a hetenoaromatic group such as 2-pyrrolyl, 3-pyrrolyl, 2-furyL 3-furyL 2-thlenyl, 
3-thienyl, 3-pyrazolyl, 4-pyra2olyL 3-isoxazolyl, S-isoxazolyl, 2-lmidazolyl, 4-imidazolyl, 2-oxazolyl, 4-oxa2olyL 
S-oxazolyl, 2-thla2olyl, 4-lhlazolyl, S-thiazolyl, 2-pyridyI, 4-pyridyl, 2-pyrimldinyl or 4-pyrimldinyl, In which one 
or two optional hydrogen atoms on the ring may be replaced by substituent groups selected from the group 
consisting of a fluorine atom and a methyl group; 

represents a cycloalkyi group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 carbon atoms; 

represents a linear or branched C5-C15 alkyi, C5-C15 alkenyl or Cs^C^^ alkynyl group, a Cg-Cts cycloalky- 
lalkyl or C^-C^s cydoalkylalkenyl group in whteh an optional hydrogen atom(s) on the cycloalkyi ring may be 
replaced by a CyC^ alkyi group(s), a bicycloalkylalkyi or C5-C15 bicycoalkylalkenyl group in which an 

optional hydrogen atom(s) on the bteycloalkyi ring may bo replaced by a C.,-Cg alkyi group(s), a C^-C^^ cy- 
cIoa!kenyIal!<yl or Cj-C^s cycloalkenyialkenyl group in which an optionai hydrogen atom{s) on the cycloalkenyl 
ring may be replaced by a C^-Cg alkyl group{s), a C^-C^g bicycloalkenyl alkyi or Cg-G^^ bicyloalkenylalkenyl 
group In which an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by a C1-C3 alkyl group 
(8)p or a Cf-C^s cycloalkylalkynyl or C^-C^s cycloalkenylalkynyl group; and X represents NH. 

2. The compound of claim 1 wherein is a cycloalkyi group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 
6 cariaon atoms, especially a cyclopropyl, cyclobutyl, cyclopentyl or cyclopentenyl group, and the phannaceutteally 
acceptable salts thereof. 

3. The compound of claim 1 which Is selected from the group consisting of 

N-(1-(4-methyl-3-pentenyl)plperidIn-4-yl]-2-cycIopropyl-2-hydroxy-2-phenylacetamid6and 



Claims 



1 . A 1 ,4-di-substituted pi peridi ne derivative of the general formula [1] 
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N-{1-[(4S)-4-m6thylhexyl]plperldin-4-yI}-2-cyclopiropyl-2-hydraxy-2i)heny^ 

and the pharmaceutically acceptable salts thereof. 

The compound of claim 1 which is selected from the group consisting of 

N-[1-(4-nriethyl-3-pentenyl)piperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenyIacetamld^^ 

N-(1-hexylpiperidln-4-yt)-2-cyclobutyl-2-hydroxy-2-phenylacetamlde, 

N-{1-[(Z)-3-hexenyl]piperidln-4-yl}-2-cyclobutyl-2-hydroxy-2-phenylacetamide. 

N-{1-[(E)-3-hexenyl]plperldin-4-yl)-2-cyclobutyl-2-hydroxy-2-ph6nylacetamlde, 

N-[1-(6-methyi-5-heptenyl)piperidin-4-yl]-2-cyclobirtyl-2-hydroxy-2-phenylacetamW 

N-[1-(4-methyl-3-pent6nyl)pjperldln-4-yl]-2-cyclobiJtyl2-(4.fluorophenyl)-2-hydroxyac&tamlde, 

N-[1-(5-methyl-4-hexenyi)piper1dln-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamlde, 

N-[1-(4-methylpentyl)piperidin-4-yi]-2-cyclobutyl-2-hydroxy-2-phenylacetamide, 

N41-(4-methyl-2-pentynyl)plp6ridin-4-yl]-2-cyclobuty!-2-hydrt>xy-2-phenylacetamlde, 

N-[1-(6-methvi-3-hexynyOpiperidln-4-y!]-2-cyclobutyl-2-hydroxy-2-phenylacetami 

N-[1-(4,5-dlmethyl-4-hexenyl)plperidin-4-yl]-2-cydobutyl-2-hydroxy-2-phenylacelamide. 

[1-(4-methyl-3-pentenyl)piperidin-4-yl] 2-cyclobutyl-2-hydroxy-2-pheny!acetate, 

[(4-methylpentyl)piperidin-4-yl] 2-cyclobutyi-2-hydroxy-2-phenylacetate, 

[1 -(1 -cyclohexyiethyl)plperldin-4-yl] 2-cyclobutyl-2-hydroxy-2-phenylacetate, 

(2R)-N^1-[{4S)-4-methylhexyl]piperidin-4-yl}-2-cycIobutyl-2-hydroxy-2-phenylacet^ 

[1-{3-cyclopentylldenepropyl)-plper1dln-4-yl] 2-cyclobutyl-2-hydroxy-2-ph9nylacetate, 

N-[(E)-1'(4-methyl-4-hexenyl)piperidin'4-yI]-2-cyclobutyl-2-hydroxy-2-phenylacetamide, 

N-[(Z)-1-(4-m&thyl-4-h6xenyl)piperidln-4-yl]-2-cyclobutyl-2-hydroxy-2-ph6nylacetamlde, 

(2R)-N-[1-(4-m6thyl-3-pentenyl)plperidin-4-yl]-2-cyclobutyl-2-hydroxy-2-phenylacetamide and 

N-{1-[(4S)-4-methylhexyl]piperidin-4-yl}-2-cyclobutyl-2-hydroxy-2-phenylacetamid 

and the pharmaceutically acceptable salts thereof. 

The compound of claim 1 which is selected from the group consisting of 

N-[1-(4-methyl-3-pentenyl)plperidln-4-yl]-2-cyclopBntyl-2-hydroxy-2-phenylac6tamlde, 

N-{1-[(4S)-4-methylhexyl]piperidin-4-yl}-2-cyclopenlyl-2-hydroxy-2-phenylacetamide, 

N-[1-(4-methyl-3-pentenyl)piperidin-4-yl]-2-cyclop6ntyl-2-hydroxy-2-phenylac6tamide, 

(2R)-N41-(4-methyl-3-pentenyI)piperldin-4-yl]-2-cyclopentyl-2-hydroxy-2'phenylacetamide, 

(2R)-N41-[(4S)-4-m9thylhexyl]piperidln-4-yl}-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1-(E)-(4-methyl-2-penlenyl)plperldln-4-yll-2-cyclopentyl-2-hydroxy-2-pheny!acetamide, 

N-[1-(EH4-methyl-2 hexenyl)plperidin-4-yO-2-cycloperTtyl-2-hydroxy-2-pheny^^^ 

N-[1'(cyclohexylmethyl)plp6ridln-4-yl]-2-cyclopentyl-2-hydroxy-2-phenyIacetamlde, 

N-il-(cycloheptylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

(2R)-N-[1-(cycloheptylmethyl)pIperidin-4-yl]-2-cyclopentyl-2-hydrT>xy-2-phenylacetamid6, 

N-I1-(1-cycloheptenylmethyi)piperidin-4-yl]-2-cyclopenlyl-2-hydroxy-2-phenylacetamide, 

N-[1-(1-^clohexeny!methyl)piperldin-4-yl]-2-cycIopentyl-2-hydroxy-2i^^^ 

N-[1-(cyclopentylmethyl)piperidln-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1 -(1 -cyclopentenylmethyl)piperidin-4-yl]-2-cyclopentyl -2-hydroxy-2-phenylacetamide, 

I'M"! I I IClliy I- I -^ywiwilW^wnjf m iwn tjr»/f#i|«fwi .vii«i » J.J — wj— . — J- — ..y — J- — I J • , 

N-[1-(4-methyl-1-cyclohexylmethyl)piperidin-4-yll-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-I1-(2-cyclohexylmethyl)plperidln-4-yll-2-cyclopentyl-2-hydroxy-2-phenylac©tamide, 

N-(1 -penTylplperidin-4-yl)-2-cyclopentyl-2-hydroxy-2-phenylacetaml de, 

N-[1-{trans-3-methyteyclohexy!methyl)plperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 

N-[1-(cis-3-m6thylcyclohexylmethyl)piperldin-4-yl]-2-cyclopentyl-2-hydroxy-2-phonylacetamide, 

N-[1-(3-methyl-1-cyclopentenylmelhyi)piperldin-4-yl]-2-cycIopentyl-2-hydroxy-2-phenylacetamide, 

N-I1-(4-melhyl-3-pentenyl)plperldln-4-yl]-2-cyclopentyl-2-hydroxy-2-(2-thlenyl)acetamlde, 

N-[1-(4-melhyl-3-pentenyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-p4hienyO 

N-[1-(4-methyl-3-penteny!)plperidin-4-yl]-2-cyclopentyl-2-(3-fu ryl)-2-hydroxyacetamide. 

N-[1-(4-methyl-3-pentenyl)piperidln-4-yl]-2-cyclopenlyl-2-(2-furyl)-2-hydroxyacetamide, 

N-[1-(4-methyl-3-pentenyl)piperidin-4-yli-2-cyclopentyl-2-hydroxy-2-(2-thiazoty^^^ 

N-[1-(4-methyl-3-pentenyl)piperidln-4-yl]-2-cyclopentyl-2-hydroxy-2-(2-pyrldyl)acetamide, 
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N-[1-(4-methyl-3-pentGnyl)piperid!n-4-yI]-2-cyc!open!yl-2-(34Iuorophenyl)-2-hydroxy^^ 

N-[1-{4-methyl-3-pentenyl)piperidin4-y!i-2-cyclopenty!-2-(2-fIuorophenylV2-^ 

N-[1-(4-methyl-3-pentenyI)piperidin-4-yn-2-cyclopDnlyl-2-(4-ftuorophenyl)-2-hydroxy^^ 

N-[1-{4-methyl-3-pentenyI)piperidin4-yl]-2-(2-lmldazolyI)-2-cyclopentyI-2-h 

N-[1-(4-methyl-3-pentenyl)pip8ridin-4-yl]-2-cyclopentyl-2-hydroxy-2-(54hla20lyl)ac 

N-[1-(4-methyl-3-pentenyl)piperidin-4-yl)-2-cycIopentyl-2-hydroxy-2-(2-pyrrolyl)acete 

N-[1-{4-methyl-3-pentenyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-(4-pyrimldinyl)ac^^ 

N-[1-(cycfoh8ptylmethyl)pip8ridin-4-yI]-2-cycrpsntyl-2-hydroxy-2-(5-thja20tyl)acGtamide, 

N-[1-(cycloheptylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-(2 

N-[i-(cyc!oheptylmethyl)plperld!n-4-y!]«2-(2-fury!)-2K:yc!opep.ryrt-2-^^ 

N-[1-(cycloheptylmethyl)piperidin-4-yl]-2-cyc!openlyl-2-hydroxy-2-(2-^^ 

N-[1-(cycloheptylmethyl)plper!din-4-yl]-2-cyclopentyl-2-hydroxyl-2-(34hIenyl)acetam 

N-[1-(cycloheptylmethyl)plperldIn-4-yl]-2-cyclopentyl-2-hydroxy-2-(2-pyrldyl)acela^ 

N-[1-(cycloheptyImethyl)piperidin-4-yl]-2-{3-fluorophenyl)-2-cyclopenlyl-2-hydroxy 

N-[1-(cycloheptylmethyi)pipei1dln-4-yl]-2-(2-fIuorophenyl)-2-cyclopentyt-2-hydro^ 

N-[1-(cycloheptylmelhyl)piperldin-4-yl]-2-cyc!opentyl-2-(4-fluorophenyI)-2-hydroxyacetamW 

N-[1-(2-cyclopentylethyl)plperldln-4-yll-2-cyclopentyl-2-hydroxy-2-phenylacetamlde, 

N-[1-(2-cycIooctylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2'phenylacetamide, 

N-[1-(4-methylpentyl)piperidin-4-yl]-2-cyc!opentyl-2-(2-fluorophenyl)-2-hydroxyacetamide, 

N-[1-(trans-4-mmhytoyclopentylmethyl)plperldln-4-yl]-2H:yc!opentyl-2-(24luoro^ 

and 

N-[1 -(blcyclo[3.3.0]oct-3-ylmDthyl)plperidln-4-yQ-2H:yclopentyl-2-hydroxy-2-phenylacBtam!de, and tha phar- 
maceuticalfy acceptable salts thereof. 

6. The compound of claim 1 which is selected from the group consisting of 

N-I1-(4-methyl-3-pentGnyl)plpei1dln-4-yl]-2-cycloh6xyl-2-hydroxy-2-phenyiacetamide and 
N-{1-[(4S)-4-methylhexyl)pipendln-4-yl}-2-cyclohexyl-2-hydroxy-2-phenyiacetamide, 

and the phamnaceuticaliy acceptable salts thereof. 

7. The compound of claim 1 which is selected from the group consisting of 

(2R)-N41-(4-methyl-3-penlenyl)pipGridln-4-yl]-2-(1-cyclopGnt6n-1-yl)-2-hydroxy-2-phenylacetamide, 
and the pharmaceutical ly acceptable salts thereof. 

8. The compound of claim 1 which is {2R)-N-[1 -(4-methyl-3-pentenyl)piperidin-4-yl]-2-cycIopentyl-2-hydroxy-2-phe- 
nylacetamide, and the pharmaceutical ly acceptable salts thereof. 

9. A pharmaceuttcai composition comprising a 1 ,4'dl-substituted piperidlne derivative of the general fomnuta [I] as 
claimed in claim 1 or a pharmaceutically acceptable salt thereof, and one or more pharmaceutically acceptable 
adjuvants. 

10. The composition of claim 6 which is useful in the treatment or prophylaxis of asthma, chronic airway obstruction, 
fibroid lung, urination disorders, irritable colon, and spasm or hyperanakinesis of the digestive tract. 

11. Use of 1 ,4-di-substituted piperidine derivative of the general fomiula [i] as claimed in claim 1 or a pharmaceutical 
acceptable salt thereof for the preparation of a medicament for the treatment or prophylaxis of asthma, chronic 
airway obstruction, fibroid lung, urination disorders, irritable colon, and spasm or hyperanakinesis of the digestive 
tract. 

12. A process for the preparation of a 1 ,4-di-substituted piperidine derivative of the general formula [i] as claimed in 
claim 1 which comprises: 

(a) reacting a carboxylic add of the general fomiula [ill] 
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Ar 

HO~|-COOH [HI] 

wherein Ar and are as defined In claim 1 , or a reactive derivative thereof with a compound of the general 
formula [IV] 



HX--^^N— R^O- [IV] 



wherein has the same definition as in claim 1 . or is a linear or branched C2-C14 alkyi, C2-C14 allcenyl 
or C2-C14 allcynyl group, a Cg-C^^ cycloalkylalkyi or cycloall^ylalkenyl group in which an optional hy- 

drogen atom(s) on the cycloalkyi ring may bo replaced by a C^C^ alky! group(s), a C2-C^4 bicycloalkylalkyi 
or C2-C^4 bfcycoalkylalkenyl group in which an optional hydrogen alom(8) on the bicycloalkyi ring may be 
replaced by a C^-C^ alkyI group(s), a 02*0^4 cycloalkenylalkyi or 02-0^4 cycloalkenylalkenyt group in whteh 
an optional hydrogen atom{s) on the cycloalkenyl, ring may be replaced by a C^-Oq alkyI group(8). a C2-C14 
blcycloalkenylalkyl or C2-C^4 bicycloalkenylalkenyl group In which an optional hydrogen atom(s) on the blcy- 
cloalkenyl ring may be replaced by a C^-Cq alky! gnoup(s), or a (^-C^^ cycloalkylalkynyl or C2-C14 cycloalke- 
nylalkynyl group, having a protected or unprotected 0x0 group, and X is as defined in claim 1 , or a salt thereof ; 
and when Is the group having a protected or unprotected 0x0 group, deprotecting the resulting product 
where necessary, subjecting it to the Wrttig reaction, and reducing the existing double bond where necessary; 
(b) reacting a carboxyllc add of the above general fonnula [111] or a reactive derivative thereof with a compound 
of the general formula [V] 



wherein E is a protective group for the imino group, and X is as defined above, or a salt thereof; depro- 
tecting the resulting compound of the general formula (VI] 



At q 

HO—j B~x—(~p-~ E 



[VI] 



wherein Ar. R^ X and E are as defined above; reacting the compound of the general fonnula [VI] with a 
compound of the general formula [VII] or [Vlll] 

R^-L [VII] 

or 

R^^-CH=CR^-COR^ [VIM] 
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wherein r21 and R22 may be the same or different and each represent a hydrogen atom or a C^-Cq aikyi group, 
R23 represents a hydrogen atom, a linear or branched C^-C,2 alkyi, €^0^2 a'kenyl or CyC^2 a'kyny' 9^oup, 
a Ci-Ci2 cycloalkylalkyl or CyC^2 cycloalkylalkenyl group In which an optional hydrogen atom(s) on the cy- 
doalkyl ring may be replaced by a C^-Cq alky! group(s), a 0,-0,2 bicycloalkylalkyi or Ci-C,2 bicycoalkylalkenyl 
group In which an optional hydrogen alom(s) on the bicycloalkyi ring may be replaced by a C^-Cg alkyi group 
(s), a C,-Ci2 cycloalkenylalkyi or 0,-0^2 cycloalkenylalkenyl group in whkjh an optional hydrogen atom{s) on 
the cydoalkenyl ri ng may be replaced by a CyO^ alkyI group(s), a Ci-C,2 bicycloalkenylalkyi or 0,-012 bicy- 
loalkenylalkenyl group in which an optional hydrogen atom(s) on the bk^cloalkenyl ring may ba replaced by 
a C^-Ce alkyI group{s). or a C,-Ci2 cyc!calky!a!kynyl or 0^-0^2 cycloalkenylalkynyl group. 

L represents a leaving group, and R^o is as defined above, if necessary, In the presence of a base; and 
when a compound of the general fonmula [VII] in which R^o is the group having a protected or unprotected 
oxo group, or a compound of the general fonnula [VIII] is reacted, deprotectiong the resulting product where 
necessary, subjecting It to the Wlttlg reaction, and reducing the existing double bond where necessary; or 
(c) deprotecting a compound of the above general fomnula (VI] and subjecting it to a reductive alkylation re- 
action with a compound of the general f omiula [IX) 



wherein R^-^ represents a linear or branched C4 C14 alkyl, C4-O14 aikenyl or C4-C14 allcynyl group, a C4-O14 cy- 
cloalkylalkyl or C4-C14 cycloalkylalkenyl group in whteh an optional hydrogen atom(s) on the cycloalkyi ring may 
be replaced by a O^-Og alkyl group(s), a 04-0,4 bicycloalkylalkyi or C4-C14 bfcycoalkylalkenyl group in which an 
optional hydrogen atom(s) on the bicycloalkyi ring may be replaced by a C^Cq alkyl group(s), a C4-C14 cycloalke- 
nylalkyi or 04-0^4 cycloalkenylalkenyl group in which an optional hydrogen atom(s) on the cydoalkenyl ring may 
be replaced by a C,-Oe, alkyl group{s), a O4-O14 bicycloalkenylalkyi or C4-C14 bicyloalkenylalkenyl group in which 
an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by a C^-Ce alkyl group(s). or a 04-0,4 
cycloalkylalkynyl or 04-0,4 cycloalkenylalkynyl group. 



PatentansprUche 

1 . 1 ,4-disubstituiertes PIperidinderivat der allgemeinen Formel [I] 



und pharmazeutisch annehmbare Saize davon, 

wobei Ar eine Phenylgruppe oder eine heteroaromatische Gruppe, zum Beispiel 2-Pyn'olyl, 3-Pynrolyl, 2-Furyl, 

3- Furyl, 2-Thlenyl, 3-Thlenyl, 3-Pyra20lyl, 4-Pyra20lyl, S-Isoxazolyl, 5-lsoxazolyl, 2-lmldazolyl, 4-lmtda2olyl, 
2-Oxazolyl, 4-Oxa2olyl, 5-Oxazolyl, 2-Thiazolyl, 4-Thiazoly!, 5-Thla2olyl, 2-Pyridyl, 4-Pyridyl, 2-Pyrimidinyl oder 

4- Pyr!m!d!nyl, In der ein Oder zwel fakultatlve Wasserstoffatome am Ring durch Substltuentengruppcn, ausgewfihlt 
aus der Gruppe bestehend aus einem Fluoratom und einer W.ethylgrupps, ersetzt sein konnen, darstellt; 

Ri eine Cycloalkyigruppe mlt 3 bis 6 Kohlenstoffatomen oder eine Cycloalkenytgruppe mlt 3 bis 6 Kohlenstoffato- 
men darstellt; 

R^einelineareoderverzweigteOg 0^5- Alkyl , C5 0,5- Alkenyloder 05-0,5- Alkinylgruppe, eine 05-015-Cycloalkylal- 
kyl- Oder C5-C,5-Oycioalkylalkenylgruppe, in der ein takultatives Wasserstoffatom (fakultatlve Wasserstoffatome) 
am Oycloalkylring durch eine Ci-Cg-Alkylgruppe (0,-Os-Alkylgruppen) ersetzt sein kann (konnen), eine O5-C15- 
Bicycloalkylalkyi- oder C5-C,5-Blcycloalky!alkenylgruppe, in der ein f akuftatlves Wasserstoffatom (fakultatlve Was- 
serstoffatome) am Bicycloalkylring durch eine 0, -Oe Alkylgruppe (0,-Oe-Alkyigruppen) ersetzt sein kann (konnen). 
eine 05-015-Oycloalkenylalkyl- oder Cs-Cig-Oycioalkenylalkenylgruppe, In der etn fakuttatives Wasserstoffatom 
(fakultatlve Wasserstoffatome) am Cycioalkenylring durch eine Ci-Cg-Alkylgmppe (O-j-Cg-AIkylgruppen) ersetzt 
sein kann (konnen), eine O5-0 15- Bicycloalkenylalkyi- oder 05-0^5-Bicydoalkenylalkenylgaippe, in der ein fakul- 
tattves Wasserstoffatom (fakultatlve Wasserstoffatome) am BIcycIoalkenylrIng durch eine C,-Cg-Alkylgruppe 



R'^^-CHO 



[IX] 




[11 



57 



EP 0 823 423 B1 

und pharmazeutisch annehmbare Saize davon. 

N-[1-(1-Cyclohsptenylmethyl)piperldln.4 Ji 2^S^S 

N-I1-(1-Cyclopentenylme.hyl)piperidJ, 4 ySSiirfhT"^^ 

N-[1-(4-Methyl-l5i:loheSrS^^^^^ 
N-I1-(2-Cj«loWjmethy;SS5-S 
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[1-(3-Methyl-1-cycIopentsnylmethyl)plperldin-4-yl]-2-cyctop8ntyl-2-h 
[1-(4-Methyl-3-pentenyI)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-(2-thienyOacet^ 
[1-(4-Methyl-3-pentenyl)pip8ridin-4-yl]-2-cyclop8ntyl-2-hydroxy-2-{34hl9nyl)ac8taml^ 
[1-(4-Methyl-3-pentenyl)piperidin-4-yl]-2-c7cIopenlyl-2-(3-Furyl)-2-hydroxyacete^ 
{1-(4-Methyl-3-pent©nyl)plperidIn-4-yll-2-cycIopenlyl-2-(2-Furyl)-2-hydrox^^ 
[1-(4-Methy!-3-pentenyl)piperidin-4-yl)-2-cyc!opentyl-2hydroxy-2-(2-thiazo»yl)acetamid. 
[1-(4-Methyl-3-pentenyl)plperidin-4-yt]-2-cyc!opentyl-2-hydroxy-2-(2-pyrldyOac^^ 
[1-(4-Methyl-3-pentenyI)pip8ridfn-4-yl]-2-cyclopenly}-2-(3-ttuorphenyl)-2-hydroxyac^ 
[1-(4-Methyl-3-pentenyl)piperidin4-yl]-2-cyclopentyl-2-(2-fIuorphenyO^^ 
[1-{4-M8thyl-3-p8ntGnyl)plp8rid!n-4-yl]-2-cycIop&nlyl-2-(4-fIuorphenyl)-2-hydrox^^ 
[1-(4-Methyl-3-pentenyl)piperidin-4-yll-2-(2-(midazolyl)-2-cyclopentyl-2-hydroxyacetam 
[1-(4-Methyl-3-pentenyl)plp8ridin-4-yl]-2-cycIopenlyl-2-hydroxy-2-(54hla2oIyl)acetam 
[1-(4-Methyl-3-pent8nyl)piperidin-4-yl]-2-cyclop6ntyl-2-hydroxy-2-(2-pyrroly!)ac8tam 
[1~(4-Methyl-3-pentenyl)piperidin4-yl]-2-cyclopentyI-2-hydroxy-2-(4-pyrimi^ 
[1-(Cycloh9plyImethyl)plperldln-4-yl]-2-cyclopentyl-2-hydroxy-2-(5-thia2olyl)^ 
I1-{Cycloheplylmethyl)piperidin-4-yl]-2-cycIopentyl-2-hydroxy-2-(2-thlenyOacetamid, 
[1-(Cycloh6ptyImethyl)plperld!n-4-yl]-2-(2-furyl)-2K:yclop8ntyl-2-hydroxyacetamid, 
[1-(Cyc!oheptylmethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-(2-thia2oIyl)acelamid 
[1-{CycloheptyImethyl)piperidin-4-yl]-2-cyclopentyl-2-hydroxyl-2-(3-thienyi)acetamid, 
[1-(CycIohGptylm8thyl)piperidin-4-y!]-2-cyc!opentyl-2-hydroxy-2-(2-pyridyl)ac»tam 
[1-(CycloheptyImethyl)piperldin-4-yl]-2-{34luorphenyl)-2-cyclopentyl-2-hydroxyac^^ 
[1-(Cycloh8ply!methyI)piperidin-4-yl]-2-(2-tluoiphenyl)-2K:yclopentyl-2-hydroxyacetami^ 
[1-{Cyc!oheptylmethyl)piperldin-4-ylJ-2-cyclopentyI-2-(4-fluorphenyl)-2-hydroxyacetamid, 
J1-(2-Cyclopentylethyl)plperidln-4-yl)-2-cyc!opentyl-2-hydnoxy-2-phenyIacetamld, 
[1-(2-CyclooctyImethyl)p!perldln-4-yl]-2-cydopentyl-2-hydroxy-2-phenylacelamfd, 
I1"(4-Methylpentyl)plperidjn'4-yl]-2-cyclopentyl-2-(2-fluorphenyl)-2-hydroxyacetamid, 
[1-(trBns-4-M8thyk:yclopdntylmethyl)pipdridln-4-yq-2H:yclopentyl-2-(24luo^ und 
[1 -(Bicyclo[3.3.0]ocl-3-y!methyOpiperidin-4-yl]-2-cyclopentyl-2-hydroxy-2-phenylacetamld und pharmazeu- 
tisch annehmbare Salza davon. 



6. Verbindung nach Anspruch 1 , die ausgewahit ist aus der Gruppe bestehend aus 



N-[1-(4-Melhyl-3-pentenyl)piperidin-4-yl]-2-c^lohexyl-2-hydroxy-2-phenylacetamid und 
N-{1-[(4S)-4-Methy!hexyl]plperidln-4-yl}-2-cyclohexyl-2-hydroxy-2-phenylac6tamld und pharmazeuilsch an- 
nehmbare Saize davon. 



7. Verbindung nach Anspruch 1, die aus der Gruppe bestehend aus (2R}-N-[1-(4-Methyl-3'pentenyl)piperldln-4-yl]- 
2-(1-cyc!openten-1-yl)-2-hydroxy-2-phenylacelamid auagewahit Ist, und pharmazeutisch annehmbare Satze da- 
von. 



8. Verbindung nach Anspruch 1. die (2R)-N-[l-(4-M6thyl-3-pentenyl)piperldln-4-yl]-2-cycfopentyI-2-hydroxy-2-phe- 
nylacetamid ist und pharmazeutisch annehmbare SaIze davon. 



9. Pharmazeudsche Zusammensetzung, die ein 1 ,4-dlsubstitulertes Piperidinderivat der allgemeinen Fomiel [I], wie 
es in Anspmch 1 beanspruchl ist. oder ein pharmazeutisch annehmbares Salz davon und ein pharmazeutisch 
annehmbares Adjuvanz Oder mehrere pharmazeutisch annehmbare Adjuvanzian umfasst. 



10. Zusammensetzung nach Anspruch 9, die bei der Behandiung Oder Prophylaxe von Asthma, chronischer Atem- 
wegsobstruktlon, fibroider Lunge, l\/lil(tion5stdrungen, Reizdann und Spasmus Oder Uberf unktion des Verdauungs- 
trakts einsetzbar ist. 



11. Verwendung eines 1 ,4-di5ubstituierten Piperidinderivats der aligemeinen Forme! [1], wie es in Anspruch 1 bean- 
sprucht ist, Oder eines phamiazeutisch annehnrtbaren Salzes davon zur Herstellung eines Arzneimittels zur Be- 
handiung Oder Prophylaxe von Asthma, chronischer Atemwegsobstruktion. fibroider Lunge. Miktionsstdrungen. 
Relzdarm und Spasmus oder Oberfunktion des Verdauungstrakts. 

12. Verfahren zur Herstellung eines 1,4-disubslituierten Piperidinderivats der allgemeinen Forme! [I], wie es in An- 
spruch 1 beansprucht wind, umfassend: 
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(a) Umsatzen einer Caibonsflure der allgamelnen Fotmet [III] 



HO— [— COOH mil 



worin Ar und Hi wie In Anspruch 1 deflnlert sind, Oder eines reaktiven Derivats davon mit ainer Ve*lnduna 
der allgemeinen Formel [IV] 



HX— ^^N— [IV] 

worin R20 dieselbe Definition wie R2 in Anspruch 1 hat oder eine lineare oder verzweigte Cj-C^-Alkyl- C,-C«- 
Altenyloder C2-C„-Alklnylgruppe, sine Ca-C„-Cycloalkylalkyl- oder Ca-C^-Cycloalkenylgmppe. In der ein 
akuttatives Wassersloffatom (fakultative Wasserstoffatome) am Cycloalkylring durch eine C.-Cc-Alkylgruppe 
(Cj-Ce.Alkylgnjppen) ersatzt sein kann (k6nnen). eine Cj-C^-Bbycloalkylalkyl- oder 0,-0, .-Bteyloalkvlalke- 
nyigruppe, in der ein fakultaOves Wasserstoffatom (fakultative Wasserstoffatome) am Bicycloalkylring durch 
eln6C,-C6-Alkylgnjpp6(Ci-C6-Alkylgruppen) ersetzt sein kann (konnen). einoCj-C^-Cycloalkenylalkyl- oder 
^-C„-Cycloalkenylalkenylgruppe, in der ein fakultatlves Wasserstoffatom (fakultative Wassetstoffatome) am 
^cloalkenylring durch eine Ci-Cfi-Alkyigruppe (Ci-Ce-Alkylgruppen) ersetzt sein kann (konnen). eineCo-C,.- 
Blcycloalkenylalkyl- oderCg-C^^-Bicycloalkenylalkenylgmppe. in der ein fakultatlves Wassemtoffatom (fakul- 
tative Wasserstoffatome) am BIcycloalkenylring durch eine C,-CB-Alkylgiuppe (C.-Cg-Alkylgruppen) ersetzt 
sein kann_(k6nnen). oder eine C2-C„-Cycloalkylalkinylgruppe oder Ca-C^^-Cycloalkenylalklnylgruppe, die ei- 
ne geschutzte oder ungeschutzte Oxogruppe hat. ist und X wie in Anspruch 1 definiert ist, oder einem Salz 
davon; und wenn die Gruppe mrt einer geschutzten oder ungeschutzten Oxogruppe ist, EntschOtzen des 
resuttierenden Produktes. wenn erforderlfch. Unterv»»erfen einer Witbg-Reaktlon und Heduzieren der vortle- 
genden Doppeibindung, wenn etforderlich; 

(b) Umsetzen einer Carbonsaure der obigen allgemeinen Fomiel [III] oder eines reakliven Derivates davon 
mIt einer Verbindung der allgemeinen Formel [V] 



worin E eine Schutegruppe fOr die Imlnogruppe Ist und X wie oben deflnlert Ist. Oder einem Salz davon; Ent- 
schOtzen der resultlerenden Verbindung der aligememen Formel [VIJ 



Ar 

HO- 



l^-X— <^N— E [VI] 



R 

worin Ar, R'. X und E wie oben definiert sind; Umsetzen der Verbindung der allgemeinen Formel [Vll mit einer 
verbindung der allgemeinen Fomiel [VilJ oder [VIII) 

R^'-L [VB] 
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Oder 

r2^ch=cr"-cor^ [vini 

In denen R^"* und R22 gleich oder unterschledlich sein konnen und jeweils ein Wasserstoffatom oder eine 
Cj-Cg-Alkylgruppe darstellen, R23 eine Wasserstotfatom, aina llneane Oder verzwelgte C^-C^g'A'kyl-, C^-C^g" 
Alkenyl- oderCi-Cig AIkinylgmppe. eine Ci-Cig'^yc^oa'^^'alkyl- oder Ci-C^2-^c'<>alkylalkenylgruppe, In der 
ein fakultatlves Wasserstoffatom (fakultative Wasserstoff atoms) am Cycloalkylring durch eine Ci-Cg-AI- 
kylgmppo (Ci-CQ-Alkylgmppen) ersetzt sein kann (konnen), eine C|-Ct2-BicycloaIkylaiky;- ode? Ci-Ci2-SI- 
cycloalkylalkenylgruppe. in der ein fakultatives Wasserstoffatom (fakultative Wasserstoffatome) am Bicyclo- 
alkylrtng durch eine Ci-Cg-Alkylgruppe (Ci-Cg-Alkylgruppen) ersetzt sein kann (k6nnen, eine Ci-Cig-Cycloal- 
kenylalkyi- oder Ci-Cig-Cycloalkenylalkenylgruppe, in der ein fakultatives Wasserstoffatom (fakultative Was- 
serstoffatome) am BIcycloalkenylring durch eine C^-Ce-Alkylgruppe (C^-Ce-Alkylgoippen) ersetzt sein kann 
(k6nnen), oder eine Ci-C-,2-Cyclaalkyiaiklnyl- oder Ci-Ci2-Cycloalkenylalklny!gmppe darstelll; 
L eine Austrittsgruppe darstellt und wie oben definiert isl, wenn notwendig, in Gegenwart einer Base; und 
wenn eine Verblndung der allgemelnen Formel [VII], in der R^o eine Gruppe mit einer geschOtzten oder un- 
geschutzten Oxogruppe ist, oder eine Verblndung der allgemelnen Formel [VIII] umgesetzt wird. Entschihzen 
des resuilierenden Produktes, wenn notwendig, Unterwarfen einer Wittlg-Reaktion und Reduzlsren dsr vor- 
liegenden Doppelbindung, wenn notwendig; oder 

(c) EntschOtzen einer Verblndung der oblgen Fonne) [VI] und Unterwerfen eine reduktiven Alkylierungsreaktion 
mit einer Verblndung der allgemeinen Formel [IX] 

R^*.CHO PXJ 

In der R2* eine llneare oder verzwelgte C4-C^4-Alkyl-. C4-C^4-Alkenyl- oder C4-C^4-Alklnylgruppe, eine 
C4-C^4-Cydoalkylalkyt- oder C4-Ci4-Cycloalkylalkenylgnjppe. in der ein fakultatives Wasserstoffatom (fakul- 
tative Wasserstoffatome) am Cycloalkylring durch eine Ci-Cg-Alkylgruppe (Ci-Cg-Alkylgruppen) ersetzt sein 
kann (kSnnen), eine C4-Ci4-Bicycloatkylalkyl- Oder C4-Ci4-Blcycloalkylalkeny!gruppe, in der ein fakultatives 
Wasserstoffatom (fakultative Wasserstoffatome) am Bicycloalkylring durch eine Ct-Ce-Alkylgruppe (C^-Cg- 
Alkylgruppen) ersetzt sein kann (konnen), eine C4-C^4-Cycloalkenylalkyl- Oder C4-C,4-Cycloalkenylalkenyl- 
gruppe. In der ein fakultatives Wasserstoffatom (fakultative Wasserstoffatome) am Cycloalkenylring durch eine 
C^-Cg-Alkylgruppe (C^-Ce-Alkylgruppen) ersetzt sein kann (kdnnen), eine C4-C^4-Bicyc!oalkenylalkyl- oder 
C4-Ci4-BlcycloalkenyIalkenylgruppe, in der ein fakultath/es Wasserstoffatom (fakultative Wasserstoffatome) 
am BIcycloalkenylring durch ein Ci-Ce-Alkylgruppe (Ci-Ce-Alkylgruppen) ersetzt sein kann (konnen), oder 
eine C4-C,4-CycloaIkylalklnyl- Oder G4-C-,4-Cycloalkenylalklnylgruppe darstellt. 



Revendicatlona 

1 . Derive de piperidine disubstituS en 1 ,4 de f omiule g^ndrale [I] 




et ses sets phannaceutiquement acceptables, 
formule dans laquelle : 

Ar represenle un groupe phenyle ou un groupe h6t6roaromatlque tel que 2-pynroIyle, 3-pynrolyle, 2-furyle, 
3-furyle, 2-thlenyle, 3-thtenyle. 3-pyrazo!yle, 4-pyrazolyle: 3-lsoxazoiyle. 5-isoxazo!yIe, 2-imidazolyIe, 4-imi- 
dazolyte, 2-oxazolyIe, 4-oxazolyIe: 5-oxazoiy!e, 2-thlazolyle, 4-thlazoly!e, 5-thlazoIyle: 2-pyrldyle, 4-pyridyle: 
2-pyrimidiny(e ou 4-py rim Id inyle, dans lequel un ou deux queiconques des atomes d'hydrogene presents sur 
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le cycle peuvent 6tr© remplac6s par des groupes substltuants choisis dans la class© f orm6© par un atom© de 
fluor et un groupe m6thyle ; 

R1 repr6sente un groupe cycloalkyle de 3 & 6 atomes da carbon© ou un groupe cycloalc^nyle de 3 a 6 atomes 
de carbone ; 

R2 repr6sente un groupe alkyle en C^-C^g, atc6nyle. en C^C^^ ou alcynyle en C5.C15 Iin6aire ou ramifie, un 
groupe cycloalkylalkyle en C5-C15 ou cycloalkylalc^nyle en CyC^^ dans lequel un ou plusieurs quelconques 
des atonnes d'hydrogdne presents sur le cycle cycloalkyle peuvent dire remplac6s par un ou plusieurs groupes 
alkyle en Ci-Cg, un groupe bicycloalkylalkyle en C5-C15 ou bteycloalkylatednyle en Cj-C^s dans lequel un ou 
plusieurs quelconques des atomes d'hydrog&ne presents sur le cycle bicycloalkyle peuvent etre remplac^s 
par un ou plusieurs groupes alkyle en C^-Cg. un groupe cycloalcSnylalkyle en C^C^^ ou cycloalc6nylalc6nyle 
en C3-C15 dans lequel un ou plusieurs quelconques des atomes d'hydrog^ne presents sur le cycle cycloalc6- 
nyle peuvent 6tre rsmplac^s par un ou plusieurs groupes alkyle en C,-Ce, un groupe blcycloalcdnylalkyle en 
C5-C,5 ou blcycloalcenylalc6nyle en C5-C15 dans lequel un ou plusieurs quelconques des atomes d'hydrog6ne 
presents sur le cycle blcycloalc6nyle peuvent etre remplac^s par un ou plusieurs groupes alkyle en C.-Cfi. ou 
un groupe cycloalkylateynyle en Cs-C^^ cycloate6nylalcynyle en C5-C15 ; et 
X repr^sente NH. 

Compose selon la revendrcation 1 , dans lequel Ri est un groupe cycloalkyle de 3 & 6 atomes de carbone ou un 
groupe cycloalc§nyle de 3 & 6 atomes de carbone. notamment un groupe cyclopropyle, cyclobutyle, cyclopentyle 
ou cyclopent^nyle, et ses sels phannaceutlquement acceptables. 

Compost selon la revendlcation 1 , qui est choisi dans le groupe consistent en 

N-[1-(4-methyl-3-pent6nyl)plp6ridln6-4-ylJ-2-cyclopropyl-2-hydroxy-2-phenyla^^^ 
N-{1-[(4S)-4-m6thylhexyl]plp6r1dlne-4.yl}-2-cyclopropy|.2-hydroxy-2-ph6nylac6tamlde, 

et leurs sels pharmaceutlquement acceptables. 

Compose selon la revendlcation 1, qui est choisi dans le groupe consistent en 

N-I1-(4-m6thyl-3-pent6nyl)plp^ridine-4-yl]-2-cyclobulyl-2-hydroxy-2-ph§nylac4tamlde, 

N-(1-hexylpip6rldlne-4-yl)-2-cyclobutyl-2-hydroxy-2-ph6nylac§tamide, 

N-{1-[(Z)-3-hex6nyl]pip6ridine-4-yl}-2-cyclobutyl-2-hydroxy-2-ph6nylac§tamide, 

N-{1-[(E)-3-hex6nyl]plp6ridln6-4'yl}-2K^clobutyl-2-hydroxy-2-ph6nylacetamide, 

N-[1-(6-m6thyl-5-hept6nyl)pip6ridine-4-yl]-2-cyclobutyl-2-hydroxy-2-ph6nylac§temide, 

N-[1-(4-m6thyl-3-pent6nyi)pip6ridine-4-yl]-2-cydobutyl-2-(4.fluorophenyl)-2.hydroxyaceta 

IM-[1-(5-m6thyl-4-hex§nyl)plp6ridlne-4-yl]-2-cyclobuty|.2-hydroxy-2-ph6nylac6tamide, 

N-[1-(4-methylpentyl)pip§ridine-4-yl]-2-cyclobutyl-2-hydroxy-2-ph§nylacetamide. 

N-[1-(4-m6thyl-2-pentynyl)plp6ridlne-4-yQ-2-cyclobuty|.2-hydroxy-2-ph6nylac6tam 

N-t1-(5-m§thyl-3-hexynyl)plp6ridine-4-yl]-2-cyclobutyl-2-hydroxy-2-ph6nylacetamide. 

N41-(4,5-dlm6thyl-4.hex6nyl)plp6rldlne-4-yl].2-cyclobutyl-2-hydroxy-2-ph6nylac6tamlde, 

2-cycfobuty[-2-hydroxy-2 phenylacetale de [1 -(4-m6thyl-3-pentenyl)pip6ridine-4-ylel, 

2-cyclobutyl-2-hydroxy-2-phenylac6tate de I{4-melhylpentyl)-pip6ridine-4-yle], 

2-cyclobutyl-2-hydroxy-2-ph6nylac6tate de ■cyc!ohexyl6thyl)plp6ridlne-4-yl6], 

(2R)-N41-[(4S)-4-m§thylhexyl]pip#ridlne-4-yl)-2-cyclobulyl-2-hydroxy-2-ph§nylac6tamide, 

2-cyc!oburyl-2-hydroxy-2-pheriyiaceiaie de [1 -(3-cyciopenTylidenepnopyi)pip6rldlne-4-yle]. 

N-[(E)-1-(4-m6thyl-4-hex§nyl)plp6ridine-4-yl]-2K5yclobutyl-2-hydroxy-2-ph6nyte^^ 

N.[(Z)-1.(4-methyl-4-h6x6nyl)plp6ridine-4-yl].2-cyclobuty|.2-hydroxy.2-ph6nylac^^ 

(2R).N41.(4-m6thyl-3-pentenyl)pip6rldlne-4-yl]-2-cyclobutyl-2-hydroxy-2-p^^ 

N-{1-t(4S)-4-m4thylhexyl]plp6ridine-4-yl}-2-cyclobulyl-2-hydroxy-2-ph6nylac6tamide. 

et leurs sels phamnaceutiquement acceptables. 

Compost selon la revendlcation 1, qui est choisi dans le groupe consistent en 

N-[1.(4-m6thyl-3-pem6nyl)plp6ridlne-4-yl]-2-cydopentyl-2-hydroxy-2-ph6nylac6taml^ 

N-{1-[(4S)-4-m§thylhexyl]pip§ridine-4-yl}-2-cyclopentyl-2-hydroxy-2-ph6nylac6tamide, 

N-[1.(4-m6thyl-3-pent§nyl)plp6rldIne-4-yl]-2<ydopentyl-2-hydroxy-2.ph6nylac6tamlde^ 
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(2R)-N41-(4-mmhyl-3-pentenyl)pipdrldina-4-yl]-2K:yclopBnty|.2-hydroxy.2-phe 

(2R)-N4l-[(4S)-4-methylhexy!]pip§ridine-4-yO-2-cyclopentyl-2-hydrDxy-2-p^ 

N'(1-{E)-(4-mQthyl-2-pentenyI)piperidine-4.yl]-2-cyclopentyl-2-hydro)(y-2-ph6nylac6^ 

N-[1-{E)-(4-melhyl-2-hexenyI)piperidine-4-yl]-2<7c!opentyl-2-hydroxy-2-ph§nylac^ 

N-(1-(cyclohexylmethyl)plp6ridlne-4-yl)-2-cyclopentyl-2-hydroxy-2-ph6nylacet^^ 

N-I1-(cyc!oheptylm6thyI)pip6ridine-4-yl)-2KiycIopentyl-2-hydroxy-2-ph^nylac^tam 

(2R)-N41-(cycloheptylm6thyl)pip6ridine-4-yl]-2<;yclopentyl-2-hydroxy-2-ph^ 

N-[1-(1-cyc!ohept©nylmethyl)pip6ridine-4-yl]-2-cycIopentyl-2-hydroxy-2-phsnylac6lam 

N-[1-(1-cyclohex6nylm6thyl)pip6ridlne-4-yl)-2-cyc!opentyl-2-hydroxy-2-ph§nylac6tamide, 

N41-(cyc!openlyImethyl)pip6ridine-4-yl]-2-cyclopentyl-2-hydroxy-2-ph6nylacetam 

N-[1-{1-cyclopent6nylm§thyl)pip6iidine-4-yI]-2<yclopentyl-2-hydroxy-2-ph6nylacetamide, 

N-(1-(3-mdthyl-lK^clohQXGnyIm&thyl)piparidlne-4-yi]-2-cydopentyl-2-hydroxy-2-ph6ny^^^ 

N-[1-{4-m6thyl-1<?yclohexylmethyl)piperldine-4-yll-2-cyc!opentyl-2-hydroxy-2-phen 

N41-{2<ycIohexylm§thyl)pip§ridine-4-yl]-2-cyc!opentyl-2-hydroxy-2-ph§nylac6tamide, 

N-{1-psntylplp6ridin&-4-yl)-2-cyclop8ntyl-2-hydroxy-2-ph6nylacetamide, 

N-[1-(rrans-3-m6thylcyc(ohexylmethyl)plp^ridine-4-yl]-2-cyclopentyl-2-hydroxy-2-p 

N41-(cfe-3-methylcyclohDxylmethyl)plp6ridme-4-yn-2-cyclopentyl-2-hydroxy-^ 

N-[1-(3-methyl-1<7dopentenylmelhyl)plperidine-4-yl]-2<:ycIopentyl-2-hydroxy-2-phe 

N-[1-(4-methyl-3-pent6nyl)piperidine-4-yl]-2K:ydopentyl-2-hydroxy-2(2-thi6nyI)ac^tarnide, 

N-[1-(4-m6thyl-3-pentenyl)pip§ridIn9-4-yI]-2-cydopentyl-2-hydroxy-2-(34hl8nyl)ac0^ 

N -[ 1 -{4-m6thy l-3-pent6 ny I) p i peridin e-4 -y l]-2-cydopenty 1-2- (3-f u ry l)-2- hydroxyacetamide, 

N-[1-(4-m6lhyl-3-pentenyl)piperidine-4-yl]-2-cydopentyl-2-(2-furyl)-2-hydroxyac6tamlde, 

N-[1-{4-methyl-3-pentenyl)pipeiidine-4-yl]-2<ydopentyl-2-hydroxy-2-(24hiazolyl)ace^^ 

N-I1-(4-m6thyl-3-penteny!)plp6rtdIne-4-yl]-2<ydopenTyl-2-hydroxy-2-(2-pyridyl)ac6tamldQ, 

N-[1-(4-m6thyl-3-pent6nyl)plp6ridine-4-yll-2<7dopentyl-2-(34luoroph6nyl)-2-hydroxyac6tamlde. 

N-l1-{4-m6thyl-3-pent6nyI)plp6ridine-4-yl]-2<ydopentyl-2-(2-fluoroph6nyl)-2-hydroxyac6taml^ 

N-[1-(4-m^thyl-3-pentenyi)pip^ridine-4-yl]-2-cydopentyl>2-(4-fluoroph6nyl)>2-hydraxya 

N-I1-(4-m6thyl-3-pent^nyl)piperidine-4-yl]-2-(2-imldazo!yl)-2-cyclopentyl-2-hydroxyac^^ 

N-[1-(4-methyl-3-pent6nyt)piperidine-4-yl]-2-cydopentyl-2-hydroxy-2-(54hlazot^^ 

N-[1-(4-methyl-3-pent6nyl)piperidine-4-yl]-2K:ydopentyl-2-hydroxy-2-(2i)yiTo(yO^ 

N-[1-(4-methyl-3-pent4nyl)piperidine-4-yl]-2<;ydopentyl-2-hydroxy-2-(4-pyrimidinyl)ac^te 

N-[1-(cydohepiylmethy!)piperidine-4-yl]-2<ydopentyl-2-hydroxy-2-(5-thiazofyl^^ 

N-[1-(cyc!oheply(methyl)pip6ridine-4-yl]-2K:yclopentyl-2-hydroxy-2-{2-thi6nyl)ac6tam 

N-[1-(cydoheptylmethyl)pip6ridina-4-yl]-2-(2-furyl)-2-cyclop8ntyl-2-hydroxyacetam 

N-[1-(cydoheptylmethyl)piperidlne-4-yI]-2-cyclopentyl-2-hydroxy-2-(2-thiazolyl)ace^ 

N-[1-(cydoheptylmethy!)plp6rid!n9-4-yI)-2-cydopentyl-2-hydroxy-2-{34hl6nyl)ac6tam 

N-[1-(cydoheptylm6thyl)pip6rldine-4-yl]-2'Cydopentyl-2-hydroxy-2-(2-pyiidyl)ac6tamide, 

N-(1-(cycloheplylmethyl)plp6ridine-4-yl]-2-(3-fIuorophenyl)-2<yclopentyl-2-hydroxyac6tamide 

N-{1Hcydoheptylm6thyl)pip6ridJnG-4-yl]-2-(2-fluoroph6nyl)-2K:ydopentyl-2-hydroxyac6tamid^ 

N-[1-{cyc!oheptylmethyl)piperidine-4-yl]-2-C7dopentyl-2-hydroxy-2-{44luorophenyI)-2-hy 

N-[1-{2K:yclopentyl6thyl)pip6ndln6-4-yl]-2<ydopBntyl-2-hydroxy-2iDh6nylac6tamlde, 

N-[1-(2K;yclooctyIm6thyl)pip6ridlne-4-yl]-2-cyclopenlyl-2-hydroxy-2-ph6ny!ac§tamide, 

N-[1-{4-m6thylpentyl)pip6ridine-4-yl]-2-cyclopentyl-2-(2-fluoroph6nyl)-2-hydroxyac6tami^^ 

N-[1-(frans-4-m6thyIcyclopentylm6lhyl)plp6ridine-4-yl)-2<yclopentyl-2-(2-fluorophenyl)-^ 

et 

N-[1 -(blcydor3.3.0]oct-3-ylm6thyl)plp6rldlne-4-yl)-2-cyclop8nty!-2-hydroxy-2-ph6nyla et leurs sels 

pharmaceutiquement acceptables. 

Compost sdlon la revendlcation 1 , qui est choisi dans le groupe consfstant en 

N-(1-(4-nri6thyl-3-pentenyl)pip6ridln6-4-yl]-2-cydohexyl-2-hydroxy-2-ph6nylacetamide et 
N-{1-[(4S)-4-m6thylhexyllpipdridine-4-yl}-2-cydohexyl-2-hydroxy-2-ph6nylac6tamlde, 

et teurs sels pharmaceutiquement acceptables. 

Compost seton la revendtcation 1 , qui est chofsi dans la groupe consistant en 

(2R)-N-[1 -(4-m8thyI-3-pent6nyl)plp6ridine-4-yI]-2-(1 -cydopentene-l -yl)-2-hydroxy-2-ph6nylacetamid0, 
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et ses sals pharmaceutlquement acceptables. 

8. Compost selon la revendlcaOon 1 qui est le (2R)-N-[l-(4-m6thyl-3-pem6nyl)plp6i1dlne-4-yl]-2-cyclopentyl-2-hy- 
droxy-2-ph^nytac6tamide et ses sets pharmaceutiquement acx:eptables. 

9. Composition pharmaceutique comprenanl un d6riv6 de pip§ridine disubstitu6 en 1 ,4 de foimule generate [I] selon 
la revendication 1 ou un sel pharmaceutiquement acceptable de celuW, et un ou plusleurs adjuvants pharma- 
ceutiquement acceptables. 

10. Composition selon la revendication 6, qui est utile dans letraitement ou la prophylaxle de I'asthme. de i'obstructlon 
chronique des voies a§riennes, du poumon fibreux. de troubles de la miction, du c6lon irritable et du spasme ou 
de I'hyperlcintele du tube digestif. 

1 1 . Utilisation rfun cl6riv6 de pip6ridine disubstitu^ en 1 ,4 de f ormule g6n6rate [1] tel que revendiquS dans la revendi- 
cation 1 ou d'un sel phannaceutlquemem acceptable de celui-cl pour la pr6paration d'un mddlcament destine au 
traitement ou h la prophylaxie de I'asthme, de I'obstruction chronique des voies aferiennes, du poumon fibreux de 
troubles de la miction, du cdlon Irritable et du spasms ou da I'hyp6ri<in6sie du tube digestif. 

12. Proc6d6 pour la preparation d'un d6riv6 de pip6ridine disubstituS en 1 .4 deformule gSnSrale [1] tel que revendiqu6 
dans la revendlcaUonI , qui consiste d : 

(a) faire r6aglr un acide carboxyllque de formule g6n6rale [III] 



Ar 

HO—j— COOH till] 

oCi Ar et sent tels que dfifinis dans la revendication 1 , ou un d6riv§ r^actif de celui-d, avec un compos6 de 
tomiule g^ndrale [IV] 



ou R20 a la mfems d6finjtlon que R2 dans la revendication 1 . ou est un groupe alkyle en C^O^. alc§nyle en 
Ca-Cu ou alcynyle en €2-0^4 Hn^ire ou ramifi§, un groupe cycloalkylalkyle en Cg-C^ ou cycloalkylalc6nyle 
en C2-C^4 dans lequel un ou plusleurs quelconques des atomes d'hydrogene presents sur le cycle cycloalkyle 
peuvent &tre remplac§s par un ou plusleurs groupes alkyle en Ci-Cg, un groupe bicycloalkylalkyle en 0^0.. 
ou bicycloaIkylalc6nyle en C^ Cu dans lequel un ou plusleurs quelconques des atomes d'hydrogfene prfeents 
sur le cycle bicycloalkyle peuvent §tr6 remplacds par un ou plusleurs groupes alkyle en C^-Ce un groupe 
cycloalc§nylalkyle en C2-Ct4 ou cycIoate6nylate6nyle en C2-C14 dans lequel un ou plusleurs quelcinaues des 
aiomes a nydrogdne prdsents sur le cycle cycloalc6nyIe peuvent Sirs remplacds par un ou plusleurs groupes 
alkyle en C^-Ce, un groupe bfcycloalcenylalkyle en Cg-C^^ ou bfcycloalc6nylalc6nyle en Cg-C^ dans lequel 
un ou plusleurs quelconques des atomes d'hydnog6n© presents sur le cycle blcycloalcdnyle peuvent §tre rem- 
plac6s par un ou plusleurs groupes alkyle en C^-Ce. ou un groupe cycloalkylateynyle en Ca-Cu ou cycloalc6- 
nylalcynyle en C2-C14 ayant un groupe 0x0 prot6g§ ou non prot^§. et X est tel que d6f In) dans la revendication 
1 , ou un sel de celul-cl ; et. lorsque R20 est le groupe ayant un groupe 0x0 protege ou non prot6g6. 6liminer 
la protection du produll resultant si necessaire, le soumetlre ^ la reaction de Wittlg. et r^dulre la double liaison 
existante si n6cessalre ; 

(b) faire r§agir un acide carboxylique de formule g§n6rale [III] cl-dessus ou un deriv6 r6actif de celui-ci avec 
un compost de formule generate [V] 
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o(i E est un groupe protecteur du groupe imino, et X est tel que d^ini ci-dessus. ou un sel de celui-ci ; ^liminer 
la protection du compost resultant de formule g6n§rale [VI] 

At o ^ 

HO-|— ^-K— (^N— E tvi ) 



20 



15 

oCi Ar, R"".. X et E sont tels que definis ci-dessus ; faire r6aglr le compose de formule generate [Vl] avec un 
compost d9 fomiule gdn^rale [VII] ou [VIM] 

R^-L [VII] 
ou 

25 R^^-CH=CR^-COR^ [VIII] 

oil 

et R22 peuvent etre identiques ou diff^rents et repr§sentent chacun un atome d'hydrog&ne ou un 
groupe alkyle en CyO^, 

R23 represents un atoms rfhydrogene, un groups alkyle en OyC^2* a^cenyle en CyC^2 °" alcynyle en 
C^-Ci2 lin^aire ou ramifi6. un groupe cycloalkylalkyle en 0^-0^2 cycloalkylalc^nyle en C^-C^g dans lequel 
un ou plusieurs quelconques des atomes d*hydrog^ne presents sur le cycle cycloalkyie peuvent etre remplaces 
par un ou plusieurs groupes alkyle en Ci-Cg. un groupe bicycloalkylalkyle en Ci-C^g bicycloalkylalc^riyle 
6nCf-G^2^^"^ lequeiun ou plusieurs quelconques des atomes d'hydrogene presents sur le cycle bicycloalkyle 
peuvent etre remplac6s par un ou plusieurs groupes alkyle en CyCQ, un groupe cycloateenyialkyle en C^-C^ 2 
ou cycloateenylalcenyle en 0^-0^2 ^^^^ lequel un ou plusieurs quelconques des atomes d'hydrogene presents 
sur le cycle cycloalc^nyle peuvent etre remplac^ par un ou plusieurs groupes alkyle en C^-Cg, un groupe 
bicycloafc^nylalkyle en Cy0^2 bicycloalc^nylalc^nyle en CyC^ 2 ^^"^ lequel un ou plusieurs quelconques 
des atomes d'hydrogene presents sur le cycle bicycloalcenyle peuvent Stre remplac6s par un ou plusieurs 
groupes alkyle en C^ Cg, ou un groupe cycloalkylafcynyle en ou cycloalc^nylabynyle en OyC^2» 

L reprfeente un groupe partant, et est tel que d§fini ci-deseus, 
si n^cessalre en presence d'une base ; et, lorsqu'on fait r^aglr un compost de fomnule generate [VII] dans 
lequel R^ est le groupe ayant un groupe 0x0 prot^g^ ou non prot6g6, ou un compost de fomnule gdn^rale 
[Vltl], eiiminer la protection du produit resultant si n^cessaire, le soumettre k la reaction de Wittig, et r^dulre 
la double liaison existante si n^cessaire ; ou 
(c) elimlner ia protecilon 6'un corrposs de fonnule gen^rale [Vt] ci-dessus et le soumettre k une reaction 
d'alkylatton r^ductrlce avec un composd de fomiule generale [IX] 

50 R^'^-CHO [IX] 

ou R^^ repr^sente un groupe alkyle en €4-0^4. alcynyle en 04-0^4 ou alcynyle en C4-C14 lin^alre ou ramift^, un 
groupe cycloalkylalkyle en C4-C14 ou cycloalkylalc^nyle en 04-0^4 dans lequel un ou plusieurs quelconques des 
atomes d'hydrogene presents sur le cycle cycloalkyie peuvent dtre remplac4s par un ou plusieurs groupes alkyle 
en C^-Cg, un groupe bicycloalkylalkyle en C4-Ci4 ou bIcycloalkyla!c6nyle en C4-C14 dans lequel un ou plusieurs 
quelconques des atomes d'hydrogene presents sur le cycle bicycloalkyle peuvent etre remplaces par un ou plu- 
sieurs groupes alkyle en C^-Cg, un groupe cycloak^nylatkyte en 04-0^4 ou cycloalc6nyla!cdnyle en 04-0^4 dans 
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b.cycloalc6nyle peuvent Stre renplac^s parVnt pir^Zuc^X^^^ ^-hydrog^ne pr6s.n,. sur le cycle 
cyrrylo en C.-C,, ou cycloalc6nylalcynyle en ^ ""^ ^"^"^ ^" ou un groupe cycloalkylal- 



